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SECTION  5 


STRUCTURAL  ARRANGEMENT  AND  MATERIAL  SELECTION 


INTRODUCTION 

The  available  materials  for  1975  use  on  a Mach  2.7  airplane  are  reviewed  and 
recommendations  are  made  in  Section  3.  These  materials  are  then  considered  in  the 
analysis,  evaluation  and  selection  of  structural  concepts  in  Section  4.  Areas  of  the 
Model  969-5 12B  selected  for  use  of  the  various  materials  and  concepts  are  illustrated  in 
figure  5-1.  The  arrangement  of  the  internal  structural  members  and  practical  design 
aspects  are  then  considered  for  application  of  the  selected  materials  and  concepts.  Some 
of  the  aspects  are;  how  the  loads  are  introduced  into  the  structure,  provisions  for 
fastening,  fabrication,  access  and  assembly. 

STRUCTURAL  ARRANGEMENT 

The  structural  arrangement  for  the  969-512B  wing  and  body  developed  in  Task  I are 
shown  in  figures  5-2  and  5-3.  The  wing  is  of  multispar  arrangement  with  a spar  spacing 
of  88.90  cm  (35.00  in.).  Engines  are  supported  by  cantilevered  beams  attached  to  the 
rear  spar  and  backed  up  by  inspar  ribs.  The  rear  spar  location  provides  adequate  control 
surface  size  and  space  for  flight  control  installation.  The  location  of  actuators  for  flight 
control  and  high  lift  devices  is  identified. 

The  body  structural  arrangement  shown  in  figure  5-3  uses  semimonocoque  construction 
with  frame  spacing  of  44.45  cm  (17.50  in.)  used  throughout  the  body  except  in  the 
forward  area.  The  wheel  well  front  spar,  and  spars  aft  of  the  wheel  well  to  the  rear 
spar,  are  continous  through  the  body  structure.  Forward  of  the  wheel  well  the  wing 
spars  attach  to  alternate  body  frames  at  the  side  of  the  body.  The  body  floor  line  is  on 
water  line  1016  (400.0)  except  forward  of  Body  Station  2997.84  (1180.25).  The  lower 
body  lobe  structure  is  continous,  with  the  main  landing  gear  being  stowed  in  the  wing 
rather  than  the  body.  Body  floor  beams  are  transverse  to  the  airplane  center-line  except 
over  the  wing  carry  through  structure  where  they  are  oriented  longitudinally.  The  body 
is  of  double  lobe  circular  cross-  section  with  the  floor  beam  located  approximately  at  the 
body  crease  line. 


DETAIL  DESIGN  OF  COMPONENTS 

Following  the  development  of  the  structural  arrangement,  a group  of  structural  details 
were  selected  and  typical  designs  developed.  These  designs  are  selected  from  the  more 
critical  structural  zones  of  the  airframe  to  show  the  type  of  consideration  applicable  to 
each  of  these  zones.  Three  pr.nels  are  selected  from  the  body,  a crown  skin  panel  and  a 
belly  skin  panel  that  ake  primarily  axial  loads  due  to  body  bending,  and  a side  panel 
including  the  window  belt  detail  that  is  critical  for  shear.  Two  body  frames  are  shown, 
one  from  the  forebcdy,  and  one  from  the  wing  box  area. 


Wing  details  include  upper  and  lower  skin  panels  and  spar  from  the  heavily  loaded 
main  box  area  and  the  lightly  loaded  strake  area. 

These  details  have  not  been  subject  to  stress  analysis  but  have  been  drawn  with 
dimensions  typical  for  the  969-336C. 


BODY 


BODY  CROWN  PANEL 

The  body  crown  panel  selected  for  detail  design  lies  in  the  upper  quadrant  of  the 
fuselage  shell  between  BS  3531.24  (1390.25)  and  BS  5086.98  (2002.75).  This  panel  is 
illustrated  in  figure  5-4.  It  is  typical  of  a crown  skin  that  will  experience  high  axial 
loads  due  to  symmetrical  body  bending  for  maneuvers  and  ground  load  conditions. 

The  panel  is  constructed  of  titanium  skin  with  riveted  titanium  "Zee”  section  stiffeners. 
The  stiffeners  are  machined,  and  riveted  to  chem-milled  pads  on  the  skins.  Chem-milled 
pads  are  also  provided  around  the  circumference  of  the  panel  to  provide  for  the  splice 
fasteners,  and  under  the  frames.  Tear  straps  are  provided  under  each  frame. 

Longitudinal  and  circumferential  splices  are  accomplished  with  internal  splice  plates. 
The  stiffeners  are  spliced  across  frames  by  the  use  of  machined  fittings. 

The  geometry  of  the  panel  varies  along  the  longitudinal  axis  due  to  the  variation  in 
body  cross  section.  Therefore,  the  stringer  spacing  varies  from  11.4  cm  (4.49  in.)  to 
13.87  cm  (5.46  in.).  The  frame  spacing  is  45.2  cm.  (17.75  in.).  Other  dimensions  on  the 
panel  are  tabulated  on  figure  5-4. 

BODY  SIDE  SHEAR  PANEL 

The  side  panel  selected  for  detail  design  is  presented  in  figure  5-5.  This  panel  is  located 
between  BS  3531.24  (1390.25)  and  BS  5086.98  (2002.75)  with  the  window  belt  running 
along  the  center  line  of  the  panel.  The  panel  tapers  from  55.88  cm  (22.0  in.)  at  the  front 
edge  to  45.72  cm  (18.0  in.)  at  the  aft  edge  to  accommodate  the  tapering  cross  section  of 
the  fuselage.  This  panel  takes  the  high  shear  flows  associated  with  vertical  bending  of 
the  body.  The  installation  of  the  windows  requires  special  design  consideration. 

The  panel  consists  of  a chem-milled  titanium  skin  with  machined  "Zee”  section 
stringers  riveted  on.  The  window  cutouts  are  20.32  cm  (8.0  in.)  in  diameter,  with 
chem-milled  pads  around  the  circumference  for  reinforcing.  Frames  are  spaced  at 
44.5  cm  (17.5  in.).  Tear  straps  are  located  under  each  frame.  A machined  circular 
reinforcement  frame  is  riveted  around  each  window  cutout.  This  frame  also  fastens  to 
the  stringers  running  above  and  below  the  window.  Longitudinal  and  circumferential 
skin  splices  utilize  internal  splice  plates.  The  stringer  splices  use  machined  fittings. 

The  small  diameter  windows  are  provided  to  minimize  the  weight  penalty  associated 
with  the  reinforcement  necessary  for  the  cutout,  as  well  as  to  minimize  the  heat  input 
from  the  boundary  layer. 
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BODY  FRAME-BS  3486.78  (1372.76) 

The  frame  shown  in  figure  5-6  is  typical  of  the  majority  of  the  frames  used  in  the 
fuselage.  The  basic  frame  is  made  up  of  a formed  titanium  "J”section  making  up  the 
inner  chord  and  riveted  to  the  titanium  outer  chord*  The  outer  chord  is  a formed  angle 
with  relief  provided  for  the  continous  stringers  to'  pass  through.  The  frame  web  is 
chem-milled  to  provide  a pad-up  for  the  inner  and  outer  chords,  and  the  stringer 
attaching  clips.  Machined  clips  are  riveted  to  the  frames  to  provide  support  to  each 
stringer.  A tear  strap  is  provided  on  the  skin  running  adjacent  to  the  frame  outer  chord 
to  limit  panel  rupture  from  pressurization  stress.  The  frame  is  spliced  along  the  sides 
where  the  bending  moment  in  the  frame  is  relatively  low. 

BODY  FRAME-BS  6642.74  (2615.25) 

The  frame  shown  in  figure  5-7  is  typical  of  the  frames  used  in  the  vicinity  of  the  wing 
carry  through  structure.  The  frame  is  designed  to  provide  for  the  interaction  between 
the  fuselage  frame  and  the  wing  spars  as  they  deflect  under  loads. 

The  inner  chord  and  web  are  machined  from  a titanium  extrusion  having  a modified 
"Tee”  cross  section.  The  outer  chord  is  machined  from  a simple  "Tee”  titanium 
extrusion.  Each  of  these  sections  has  the  outstanding  leg  relieved  to  cleai  the  continous 
"Zee"  section  stringers.  The  web  of  the  frame  is  chem-  milled  to  provide  pad-ups  for  the 
clips  supporting  the  "Zee”  stringers. 

The  "Tee”  section  forming  the  outer  flange  runs  completely  around  the  cross  section  and 
serves  as  the  tear  strap  for  fail-safe  design.  The  inner  flange  and  web  have  a secondary 
flange  in  the  mid-section  of  the  frame  to  provide  bending  continuity  in  t j event  of 
failure  of  either  the  inner  or  outer  flange.  The  frame  is  spliced  along  the  sides  where 
bending  moments  tend  to  be  low.  The  ■ ,'lice  is  made  through  machined  splice  plates. 

The  attachment  of  the  frame  to  the  wing  spars,  requires  special  design  considerations, 
since  wing  deflections  induce  bending  in  the  body  frame.  It  is  necessary  to  attach  the 
frames  to  the  spars  in  a manner  that  will  carry  bending  moment  due  to  frame  bending.. 
However,  it  is  desired  to  minimize  any  bending  moment  in  the  frame  due  to  spar 
bending.  For  this  reason  a fitting  is  designed,  as  shown,  that  provides  an  offset  leg 
restrained  by  a short  flexible  strap.  The  strap  will  react  loads  due  to  frame  bending,  but 
will  flex  as  the  wing  bends,  thus  minimizing  the  transfer  of  loads. 

WING 


SINEW AVE  WING  SPAR 

Figure  5-8  shows  a spar  using  a sinewave  web  configuration.  This  arrangement  is 
particularly  efficient  in  lightly  loaded  areas  since  it  effectively  combines  the  shear 
carrying  function  of  the  web  and  simultaneously  the  sine  waves  provide  stiffening  to  the 
web.  This  type  of  web  stiffening  is  not  effective  however,  in  areas  where  cutouts  are 
required,  or  where  significant  pressure  loads  must  be  reacted.  These  areas  require  a 
more  conventional  flat  web  with  stiffeners. 
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The  spar  web  consists  of  a chem-milled  titanium  sheet  with  pad  attachments  at  the  ends 
and  along  the  beam  chords.  The  beam  chords  are  flat  plates,  electron-beam  welded  to 
the  web.  At  the  points  where  cutouts  are  provided  for  system  runs  or  fuel  tank  access, 
stiffened  flat  webs  are  provided.  These  webs  are  chem-milled  to  provide  pad-ups  under 
the  stiffeners. 

SHEET-STIFFENER  WING  SPAR 

The  sheet-stiffener  spar  is  used  in  areas  that  react  higher  bending  moments  or  fuel  tank 
pressures,  or  where  a large  number  of  cutouts  are  required  for  systems  or  access  to  the  inner 
wing.  Figure  5-9  shows  a sheet-stiffener  spar  design  for  the  main  wing  box  with  typical 
details  for  system  runs  and  fuel  tank  access. 

The  titanium  web  is  chem-milled  to  provide  pads  for  end  attachments,  chord  and 
stiffener  attachments,  and  reinforcing  around  holes.  The  chords  a-  e machined  titanium 
"Tee”  section  extrusions  -iveted  to  the  web.  The  web  stiffeners  are  extruded  angles.  The 
intermittent  chordwise  intercostals  are  used  to  stabilize  the  lower  skin  panel. 

SKIN  PANEL-FORWARD  WING 

Figure  5-10  shows  the  design  of  upper  and  lower  skin  panels  extending  outboard  from 
the  side-of-body,  between  BS  5575.94  (2195.25)  and  BS  5664.84  (2230.25).  These  panels 
are  typical  of  the  strake  area  ahead  of  the  wheel  well  having  relatively  low  bending 
moments  to  react. 

The  skin  panels  consist  of  chem-milled  titanium  face  sheets  brazed  to  titanium 
honeycomb  core  using  the  aluminum  braze  alloy.  The  edges  of  the  panels  use  skin 
pad-ups  for  the  attachments  backed  up  by  dense  core.  The  panels  are  one  spar  bay  wide 
with  the  spanwise  splices  being  made  through  a flush  external  splice  plate,  and  a 
nonflush  internal  splice  plate.  The  panel  attaches  to  the  fuselage  through  a series  of 
machined  fittings. 

SKIN  PANEL-AFT  WING 

Figure  5-11  shows  an  upper  and  lower  skin  panel  design  extending  outboard  from  the 
fuselage  between  BS  7087.24  (2790.25)  and  BS  7176.14  (2825.25).  These  panels  are  of 
interest  because  they  are  in  the  main  wing  box  aft  of  the  wheel  well  where  the  bending 
moments  are  the  highest.  The  upper  skins  in  this  region  consist  of  chem-milled 
titanium  face  sheets,  aluminum  brazed  to  the  titanium  core.  The  panel  is  one  frame  bay 
in  width,  with  a flush  splice  plate  on  the  exterior  surface  and  a o^otruding  splice  plate 
on  the  interior  surface.  The  splice  across  the  side-of-body  rib  is  accomplished  by  the 
"double  plus”  rib  cap.  The  edges  of  the  panel  have  chem-millec  pads  for  the  fasteners, 
backed  up  by  dense  honeycomb. 

The  lower  wing  panel  consists  of  a machined  and  welded  titanium  sheet-stringer  panel 
outboard  of  the  side-of-body  rib,  and  a machined  titanium  waffle  panel  on  the  inboard 
side.  This  combination  of  designs  appears  to  be  most  efficient  for  the  high  tension  loads 
due  to  wing  bending  on  the  outboard  side  of  the  rib,  and  the  biaxial  stress  Held  for  wing 
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bending  combined  with  fuselage  bending  on  the  inboard  side  of  the  rib.  The  panel  splice 
across  the  side-of-the  body  rib  is  accomplished  using  the  rib  cap. 

EMPENNAGE 

The  main  landing  gear  consists  of  a six  wheel  truck  mounted  on  a single  oleo  strut.  The 
gear  folds  forward  and  up  into  a well  ahead  of  the  main  wing  box  and  outboard  of  the 
side-of-body  rib.  The  trunnions  mount  on  fittings  on  the  forward  side  of  the  main  wing 
box,  and  the  uplock,  which  supports  the  gear  weight  in  the  retracted  position,  is  located 
on  local  beams  at  about  BS  6020(2370). 

The  wing  mounted  fin  consists  of  a series  of  vertical  spars  attached  to  the  wing  main 
spars,  supporting  two  aft  sloping  spars.  The  remainder  of  the  ribs  and  spars  are 
supported  off  these  elements.  The  construction  consists  of  riveted  titanium  ribs  and 
spars  supporting  aluminum  brazed  titanium  honeycomb  skins. 

The  fin  is  of  multispar  design  having  a sloping  front  spar,  and  a series  of  vertical  spars 
or  ribs,  with  auxiliary  ribs  supporting  the  rudder  hinge  line.  The  spars  and  ribs  are 
built  up  of  riveted  titanium  construction,  supporting  surfaces  of  aluminum  brazed 
titanium  honeycomb  sandwich.  The  leading  edge  wedges  are  aluminum  brazed  titanium 
sandwich.  The  rudder  consists  of  three  segments,  each  having  a front  and  rear  titanium 
spar  with  intermediate  and  end  ribs  supporting  aluminum  brazed  titanium  sandwich 
surfaces.  The  trailing  edge  is  an  aluminum  brazed  titanium  wedge. 

The  horizontal  stabilizer  is  of  multispar  construction,  supporting  aluminum  brazed 
titanium  honeycomb  sandwich  surfaces  and  leading  edge  wedges.  The  elevators  are 
constructed  in  a manner  similar  to  the  rudders. 

The  aft  engine  mount  is  supported  by  a cantilever  beam  that  extends  aft  of  the  rear 
spar.  These  beams  are  extensions  of  the  wing  ribs  that  run  forward  in  the  main  wing 
box  to  distribute  the  engine  loads  into  the  structure.  The  beam  cap  loads  are  distributed 
into  the  upper  and  lower  wing  surfaces  to  react  the  bending  moments.  The  support 
beams  are  riveted  titanium  boxes  and  are  typically  designed  for  stiffness  rather  than 
strength. 
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SECTION  6 


DETAILED  STRUCTURAL  ANALYSIS  AND  DESIGN 

INTRODUCTION 

The  objective  of  the  present  section  is  to  provide  a general  overview  of  the  analytical 
and  computational  procedures  that  were  used  in  Task  II  to  establish  an  efficient 
distribution  of  structural  material  to  satisfy  strength  and  flutter  criteria.  This  will 
include  a discussion  of  work  flow'  and  interrelations  between  the  various  subtasks 
comprising  the  aeroelastic  cycle  for  structural  design.  The  computerized  system  that 
was  used  in  performing  this  work  will  be  described.  This  system  was  organized  around 
an  interim  version  of  the  ATLAS  Structural  Analysis  and  Design  System,  interfaced 
with  external  programs  to  obtain  capabilities  for  loads  and  flutter  analysis  that  had  not 
been  incorporated  in  the  ATLAS  System..  A chronological  account  of  the  detailed 
structural  analysis  and  design  work  is  presented  at  the  end  of  this  section,  with 
comments  on  problems  that  were  encountered  and  on  related  development  needs. 

THE  AEROELASTIC  CYCLE 

The  major  subtasks  comprising  the  detailed  structural  analysis  and  design  task  and 
their  relationships  to  each  other  are  identified  in  figure  6-1.  The  task  may  be  visualized 
as  three  interconnected  discipline-oriented  segments  with  the  interconnection  being 
provided  by  the  ATLAS  system.  On  M **ft  of  the  figure  is  a group  of  operations 
associated  with  the  prediction  of  dv  icroelastic  loads  which  provide  input  to  the 
strength  design  segment  shown  in  cue  center  of  the  figure.  On  the  right  is  a group  of 
operations  associated  with  the  fluttei  analysis  and  design  to  satisfy  flutter  criteria.  The 
computer  programs  performing  the  various  functions  are  shown  in  the  upper  portion  of 
the  diagram  boxes. 

Basic  data  describing  the  aircraft  (with  the  exception  of  structural  member  sizes)  were 
developed  during  Task  I and  the  initial  six  week  period  of  Task  II.  This  information, 
comcr?sing  air  *aft  geometry,  structural  arrangement,  structural  concepts,  and 
structural  materials,  was  then  used  to  develop  structural,  aerodynamic,  and  mass 
mrrtelg  Qi’tLe  aircraft  and  other  input  data  to  initiate  the  analysis  and  design  cycle. 

BASIC  STRUCTURAL  MODEL 

One  finite  element  model  of  the  structure  was  developed  as  a common  basis  for 
aeroelastic  loads,  thermal,  stress,  vibration,  and  flutter  analyses  Consistency  of 
geometric  data  from  design  was  found  to  be  particularly  critical.  Geometry  of  an 
individual  component  was  generally  defined  in  a convenient  local  reference  frame. 
Hence,  particular  care  had  to  be  taken  in  defining  coordinate*  transformations  between 
these  local  reference  systems  and  the*  global  system  that  was  used  in  de*fining  the 
assembled  model  e>f  the  complete  structure. 


Clos * coordination  between  stress,  flutter,  and  loads  specialists  was  required  to  provide 
a single  basic  model  from  which  special  purpose  models  could  be  derived  to  satisfy  the 
requirements  of  each  individual  discipline.  This  interdisciplinary  coordination  is 
particularly  important  in  the  design  of  large  supersonic  transport  aircraft  that  tend  to 
be  slender  and  very  flexible,  thus  causing  aeroelasticity  to  be  a major  design 
consideration.  Dynamic  loadings  associated  with  flutter  often  exhibit  distributions  that 
are  vastly  different  from  strength-critical  loadings.  Hence,  requirements  exist  for 
detailed  representation  of  structural  characteristics  in  different  regions  of  the  aircraft 
to  satisfy  requirements  for  stress  analysis,  strength  design,  flutter  analysis,  and 
stiffness  design.  Prior  experience  on  the  National  SST  Program  provided  useful 
background  for  modeling  the  Arrow  Wing  structure.  Initial  structural  sizing  to  start  the 
aeroelastic  cycle  was  derived  from  the  969-336C  design  study,  with  appropriate 
adjustments  to  reflect  the  increase  in  maximum  taxi  gross  weight  to  340,194  kg 
(750,000  lb.).  Since  program  constraints  permitted  only  a single  cycle  of  aeroelastic 
loads  analysis  it  was  considered  necessary  to  develop  an  initial  sizing  to  match 
strength  requirements  reasonably  well.  Automated  resize  capability  had  not  been 
provided  in  the  ATLAS  System  when  the  job  had  to  be  done.  Hen  e,  this  initial  sizing 
was  performed  manually.  Availability  of  automated  resize  capability  will  make  it 
possible  to  employ  a crude  estimate  of  the  initial  size  with  considerable  savings  of  time 
and  effort  on  future  jobs  of  this  kind.  A description  of  the  model  and  an  account  of 
model  development  and  checkout  are  presented  in  section  7. 

The  structural  model  used  in  this  study  is  shown  in  figure  6-2.  It  contains 
approximately  2,000  nodes,  4,200  elements,  and  8,500  active  degrees  of  freedom.  For 
dynamic  analyses,  a much  smaller  number  of  degrees  of  freedom  are  retained  (225  for 
symmetric  conditions  and  260  for  antisymmetric  conditions).  These  retained  degrees  of 
freedom,  the  important  freedoms  at  the  nodes  at  which  the  mass  of  the  airplane  will  be 
lumped,  are  selected  to  provide  the  necessary  accuracy  of  the  lower  mode  shapes  and 
frequencies.  The  complexity  of  the  model  results  from  (1)  the  use  of  one  model  for  both 
stress  and  flutter  analysis,  and  (2)  the  detail  requirements  for  meaningful  flutter 
analysis.  For  the  wing,  these  requirements  include  structural  modeling  of  the  engine 
beams  (allowing  complete  c.g.  motion  of  the  engines),  leading  and  trailing  edge  controls, 
wing  secondary  structure,  landing  gear  and  wheelwell  cut-out,  major  accesr>  doors,  and 
wing  mounted  Fins  as  well  as  wing  primary  structure.  For  the  rest  of  the  aircraft,  they 
include  a detailed  body  idealization  for  wing  attachment  and  a less  sophisticated  model 
of  the  remaining  fuselage  and  the  empennage. 

The  ATLAS  siiffness  module  uses  the  displacement  method  of  finite  element  structural 
analysis  to  calculate  a structural  stiffness  matrix,  displacements  due  to  applied  loads, 
and  flexibility  matrices.  In  ATLAS,  wing-like  structures  are  modeled  with  mid-plane 
nodes  having  five  degrees  of  freedom.  Cover  elements,  either  quadrilaterial  or 
triangular,  are  referenced  to  the  mid-plane  nodes  for  definition  of  both  upper  and  lower 
surface  properties.  Spar  properties  are  defined  by  an  element  that  includes  two  caps,  not 
necessarily  of  the  same  area,  a shear  web  and  two  ' rigid’’  posts  bounding  the  vertical 
edges  of  the  shear  web.  In  the  fuselage-wing  intersection  region,  the  fuselage  is  modeled 
with  beam  elements  representing  two  "lumped"  frames,  axial  elements  for  several 
" lumped"  stringers  and  shear  panels  for  the  skin.  The  forward  and  aft  portions  of  the 
fuselage  and  the  empennage  were  modeled  with  beam  elements.  The  connection  between 


the  wing  structure,  modeled  with  mid-plane  nodes,  and  the  carry  through  structure  in 
the  fuselage,  modeled  with  nodes  at  the  wing  upper  and  lower  surface  locations,  was 
made  with  stiff  beam  elements  to  approximate  the  distribution  of  the  spar  cap  loads  to 
the  fuselage  structure. 

The  structural  model  was  generated  and  initial  checks  made  over  a period  of  about  5 
months.  During  this  period,  a maximum  of  three  people  worked  on  the  model.  About 
seventeen  manweeks  of  effort  were  required  to  define  and  size  the  elements  in  the  body. 
About  eighteen  manweeks  of  effort  were  involved  in  formulating  the  wing  model, 
distributed  equally  between  model  definition  and  sizing.  An  additional  four  months 
were  required  to  connect  the  wing  and  fuselage  models,  correct  modeling  errors, 
improve  some  local  modeling  details,  make  an  initial  flutter  check,  and  resize  part  of 
wing  structure  to  increase  the  flutter  speed  before  strength  sizing. 

The  iength  of  time  required  for  model  generation  and  validation  was  caused  by  the 
small  size  of  the  study  team,  the  use  of  ATLAS  for  the  first  time  on  a model  of  this  size 
and  geometric  complexity,  and  lack  of  a "body’geometry  package  in  ATLAS.  While 
experience  gained  from  this  study  and  planned  improvements  in  the  ATLAS  system  will 
probably  decrease  both  the  effort  and  time  required  to  generate  and  validate  a complex 
structural  model,  it  would  appear  that  model  generation  should  begin  as  soon  as 
possible  in  a design  study  to  obtain  maximum  benefit  from  an  automated  design  system. 
The  use  of  the  mid-plane  nodes  in  modeling  the  wing  is  efficient,  but  modeling  the  row 
of  elements  adjacent  to  the  fuselage  in  a conventional  manner  would  probably  result  in 
a better  model  by  removing  the  stiff  beam  attachment.  The  planned  inclusion  in  ATLAS 
of  an  analytic  description  of  external  surface  geometry  of  the  fuselage  as  well  as  the 
wing  will  make  the  generation  of  the  total  model  much  easier.  The  automated  strength 
resizing  capability  (presently  available  for  wing  structure  only)  makes  generation  of 
refined  element  sizes  unnecessary  because  the  automated  resizing  capability  will  refine 
crude  initial  element  size  estimates  in  several  executions  over  a period  of  a few  days 
(compared  to  nine  manweeks  of  manual  effort),  and  thus  cut  flow  time  by  allowing  use 
of  a less  refined  initial  model.  Graphical  presentation  of  stresses  on  a model  would  be 
desirable  for  model  checkout  as  well  as  interpretation  of  final  results.  Finally,  the 
ability  to  readily  extract  and  plot  portions  of  the  model  for  study  of  local  problems  is 
essential  to  correct  detail  modeling  problems  that  routinely  occur  in  finite  element 
model  generation. 


MASS  MODELS 

Since  different  sets  of  retained  freedoms  describing  structural  deformation  were 
required  for  aeroelastic  loads  analysis  and  for  flutter  analysis,  the  numbers  and 
distributions  of  retained  structural  freedoms  were  different  in  these  two  analyses. 
Hence,  it  was  necessary  to  develop  two  different  mass  models.  To  ' lump"  the  masses  at 
the  retained  nodes  a "cookie  cutter"  technique  was  used.  For  this  process  the  location  of 
the  retained  node  is  selected  and  the  boundaries  of  the  space  that  contributes  mass  to 
this  noue  defines  a vertical  prism  ("cookie").  Figure  6-3  shows  the  retained  nodes  and 
panels  used  for  modeling  the  flutter  mass  matrix.  An  external  boundary  as  shown  in  the 
figure  is  required  by  the  "PLOT  GRID"  ATLAS  program. 


AERODYNAMIC  MODELS 


A basic  aerodynamic  model  consists  of  the  loft  definition,  illustrated  in  figure  6-4,  that 
is  usually  produced  in  the  computer.  The  contours  of  this  loft  define  the  envelope  of  the 
airframe  that  is  used  for  subsequent  aerodynamic  analyses.  This  loft  is  used  to  produce 
the  geometrical  description  of  the  surfaces  of  the  airplane,  and  the  associated  slopes  for 
use  in  the  steady  state  loads  analyses,  as  described  later.  These  panels  are  illustrated  in 
figure  6-5.  A different  aerodynamic  idealization  is  used  for  generating  unsteady  airloads 
for  the  flutter  analysis.  This  requires  the  geometric  definition  of  the  lifting  surface 
planforms,  with  a specified  set  of  downwash  points  subsonically,  or  a Mach  box  grid  for 
each  supersonic  Mach  number.  The  magnitude  and  phase  angle  of  the  unsteady 
pressures  at  each  point  on  the  wing  surface  are  dependent  on  the  frequency  and  mode 
shape  in  which  the  wing  is  vibrating.  These  local  pressures  are  calculated  and 
integrated  over  the  aerodynamic  surfaces  to  yield  generalized  aerodynamic  forces  in 
each  degree  of  freedom  for  use  in  the  flutter  analysis.  Section  1 1 uescribes  the 
calculation  of  these  air  forces  in  detail. 

Although  different  aerodynamic  models  of  the  aircraft  were  employed  for  loads  and 
flutter  analysis,  this  did  not  present  a serious  problem.  Required  geometric  data  were 
provided  as  part  of  the  job  input  data  for  loads  and  flutter  analyses  These  matters  are 
discussed  more  fully  in  sections  8 and  11. 

THE  ANALYSIS  AND  DESIGN  SYSTEM 

ATLAS  is  an  integrated  structural  analysis  and  design  system  operational  on  the 
Control  Data  Corporation  (CDC)  6600/CYBER  computers  It  is  a modular  system  of 
computer  codes,  controlled  by  one  executive  module  and  with  a common  data  base  The 
analysis  of  the  Arrow  Wing  conducted  during  Task  II  used  a preliminary  version  of 
ATLAS  designated  2.2.  Hence,  the  system  description  that  follows  reports  an  evolving 
capability  as  it  existed  during  Task  II  of  the  Arrow  Wing  study.  The  ATLAS  system’s 
capabilities  are  broad  in  scope,  supporting  analyses  in  many  different  but  related 
aeroelastic  technologies.  Execution  of  modules  is  controlled  by  the  user  via  a concise 
and  powerful  technically-oriented  language.  Input  data  are  \ -itten  in  a 
problem-oriented  language  which  provides  versatile  automatic  data  generating 
capabilities.  Additionally,  the  various  data  preprocessors  provide  capabilities  to  reduce 
the  amount  of  input  data  and  fiowtime  required  to  define  the  structural  problem.  Data 
postprocessors  allow  selected  data  to  be  extracted,  manipulated  and  displayed  to 
facilitate  the  evaluation  of  either  input  data  or  analysis  result « 

The  ATLAS  problem  size  limitations  for  non-substructured  stiffness  and  mass  model.;  i re: 


Number  of  stiffness  nodes 

4.095 

Number  of  stiffness  elements 

82.767 

Number  of  loadcases 

4,095 

Number  of  mass  nodes 

4.095 

Number  of  mass  elements 

32,767 

Number  of  mass  conditions 

200 

Prob!ems  generally  become  critical  for  bulk  storage  or  hardware  reliability  before  these 
limitations  are  reached.  For  substructured  stiffness  and  mas  models,  there  are  no  practical 
limits  to  the  total  problem  size. 

There  are  two  basic  types  of  modules  in  the  ATLAS  system:  executive  modules  and 
computational  modules.  There  are  two  executive  modules.  ATLAS( (),()>  and  Control. 
ATLAS(O.O)  monitors  the  job  execution.  Control,  which  is  generated  by  the  user, 
performs  such  functions  as  selecting  the  sequence  of  computations,  selecting  analysis 
results  to  be  displayed  and  handling  of  execution.  In  general,  the  Control  module  is 
generated  from  the  control  deck  at  execution  time  bv  the  precompilers  and  compilers. 

Computational  modules  are  grouped  into  three  types  according  to  their  function: 

• Preprocessors  read,  decode,  generate  and  interrogate  the  input  data  or  load  data  for 
a restarted  job; 

• Processors  perform  technical,  analytical  computations  in  the  following  disciplines: 

Stiffness 

Weights 

Design 

Linear  matrix  algebra 

• Postprocessors  extract  and  display  input  data  or  analysis  results  and  save  data  for 
a later  restart  of  the  job 

Table  6*1  provides  a summary  of  the  capabilities  of  the  ATLAS  2 2 system  used  during 
Arrow  Wing  Task  II.  The  table  is  divided  into  three  sections  representing  the4  Executive, 
Technical  and  Pre-  and  Postprocessor  modul  es. 

Data  required  to  define  the4  mathematical  model  were  supplied  in  the  problem  deck. 
These  data  were  read  and  formatted  by  the  preprocessors  and  storejd  in  the  data  base 
and  transmission  of  data  from  one4  module  to  another  was  accomplished  primarily  bv  the* 
use  of  named  random-access  files.  Data  on  a random-access  file*  are  organized  into 
matrices  which  are  accessed  as  a unit.  Management  of  all  internal  data  is  automatic.  A 
more  extensive  description  of  the  system  is  available  in  reference*  61  and  the*  general 
system  architecure  is  shown  in  figure  6-6. 

As  a supplement  to  the  capabilities  containe*d  within  the  ATLAS  system.  inte4rface*s  with 
the  FLEXSTAB  system  were  developed.  Symmetrical  and  antisymmetrical  flexibility 
me  rices  for  use  in  the  FLEXSTAB  loads  analysis  we  re*  generated  in  ATLAS.  The 
external  structural  influence  coefficient  program,  ESI(\  in  FLEXSTAB  takes  these 
fiexibilit>  matrices,  nodal  geometry  for  the  retained  nodes  and  the*  mass  matrices 
generated  by  ATLAS  as  input  data  These  data  are  transmitted  on  magnetic  tape 
through  the  AYLAS-FLKXSTAB  interface  subroutine  within  ATLAS. 
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FLEXSTAB 

FLEXSTAB  is  a system  of  programs  developed  by  Boeing  under  eontrac'  NAS2-500L  to 
NASA  Ames  Research  Center.  It  was  designed  to  predict  the  stability  characteristics  of 
flexible  airplanes  based  on  the  geometr  , mass  distribution  and  flexibility  of  the 
airframe,  using  linear  aerodynamic  and  structural  theories.  Although  not  principally 
designed  as  a loads  analysis  tool,  FLEXSTAB  generates  sufficient  information  in  the 
process  of  performing  a stability  analysis,  that  us  extension  for  use  in  loads  analysis 
was  a fairly  simple  task. 

In  preparation  for  the  Arrow  Wing  contract,  a Boeing  development  effort  was  directed 
at  producing  a version  of  FLEXSTAB  that  would  produce  design  loads  The  changes  and 
additions  made  to  FLEXSTAB  during  this  time  are  shown  in  table  6-2  These  changes 
were  subsequently  incorporated  in  the  NASA  version  of  FLEXSTAB  1.2 

The  modifications  to  F'LEXSTAB  were  carried  out  with  two  major  purposes  in 
mind-improved  program  efficiency  and  improved  analytical  capability-and  table  6-2 
identifies  in  which  of  these  categories  the  various  changes  fall. 

FLUTTER  MODULES 

As  indicated  in  figure  6-1,  the  flutter  modules  were  also  linked  to  the  ATLAS  svstem 
through  a tape  interface.  Modal  <*  ta,  flexibility  matrices,  and  mass  matrices  were 
transmitted  from  ATLAS  to  the  flut  _■**  modules.  RHO  111  was  used  to  . alculate  unsteady 
aerodynamic  loadings  caused  Ly  motions  of  lifting  surfaces  based  on  t hi 1 subsonic  kernel 
function  approach,  utilizing  the  modal  data  supplied  by  ATLAS  Thes*-  loadir  *s  were 
then  used  to  calculate  generalized  aerodynamic  airfare*  s for  use  in  subsume  flutter 
analysis.  Similar  airload  calculations  for  supersonic  flutter  analysis  we  re  obtained  horn 
the  Mach  Box  program.  Generalized  aerodynamic  force  matrices  together  with 
generalized  mass  and  stiffness  matrices  from  ATLAS,  were  incorporated  n the  flutter 
equations  and  solved  to  define  the  flutter  stability  envelope  b\  utili/at  or.  f TV-133 
This  is  a V-g  solution  program  based  on  the  QR  algorithm. 

RESUME  OF  DETAILED  ANALYSIS  AND  DESIGN  TASK 

Detailed  analysis  and  design  of  the  Arrow  W ing  structure  was  initiated  on  September 
17.  1973,  following  completion  of  configuration  development  work  The  final  flutter 
analysis  (following  redesign  to  satisfy  flutter  criteria)  was  completed  in  .January  1375 
Expenditures  during  that  period  totalled  28,000  manhours  of  engineering  effort  and 
approximately  $100,000  for  computing.  A brief  chronological  account  of  this  work  n 
presented  in  the  remainder  of  t lis  section. 

PRELIMINARY  FLUTTER  ANALYSIS  AND  STIFFNESS  RESIZE 

Approximately  four  months  were  spent  in  defining  the  structural  model  and  initial 
sizing.  After  initial  sizing  to  modified  969-336C  loads,  mass  and  stiffness  matrices  were 
calculated  for  a preliminary  flutter  analysis.  Also,  a flexibility  matrix  was  generated  for 
model  checkout  purposes.  As  a result  of  initial  assessment  of  flexibilities  and 
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preliminary  vibration  mode  analyses,  it  was  decided  on  the  basis  of  previous  experience 
to  increase  stiffness  in  three  areas  prior  to  initiation  of  the  aeroelastic  loads  analysis. 
Spars  and  covers  of  the  main  w ing  box  outboard  of  the  w ing  mounted  fin  were  doubled, 
the  low  speed  aileron  cover  thickness  quadrupled  to  minimize1  wind-up  relative  to  the 
inboard  location  of  the  actuators  and  the  nacelle  support  beams  were  stiffened  by  a 
factor  of  1.5.  Furthermore,  the  vibration  analysis  revealed  an  unacceptable  low 
frequency  resonance  of  the  main  landing  gear  in  the  stowed  position.  This  problem  was 
eliminated  by  stiffening  the  uplock  beam  and  modifying  the  adjacent  local  structure. 

A preliminary  subsonic  flutter  analysis  was  performed  for  the  following  conditions  of 
the  structural  model: 

1.  As  initially  sized  to  modified  969-336C  loads; 

2.  As  revised  for  static  aeroelastic  loads  analysis; 

3.  With  further  increase  in  engine  beam  stiffness  to  4.5  times  the  initial  value. 

The  flutter  speed  with  initial  sizing  was  about  300  knots  FAS  below  the  design 
requirement.  504  knots  at  M ~ .90.  Small  improvement  was  achieved  from  Condition  2. 
A substantial  increase  in  flutter  speed,  about  200  knots,  was  obtained  from  Condition  3. 

The  objectives  of  this  preliminary  flutter  analysis  were  to  provide  an  early  check  of  the 
flutter  analysis  systen  and  U obtain  information  that  should  be  useful  in 
understanding  the  flutter  cha^a't  ristics  <>f  the  strength  design  and  in  developing 
modifications  to  correct  the  flutu  r deficiencies  that  were  expected.  The  preliminary 
flutter  analysis  °nd  stiffness  resize  were  accomplished  during  a three  month  period 
beginning  in  February  1974. 

LOADS  ANALYSIS 

The  selection  of  loads  conditions  for  analysis  was  based  on  the  requirements  of  the 
^ederal  Aviation  Regulations.  Part  25.  and  the  Tentative  Airworthiness  Standards  for 
Supersonic  Transports.  Loads  analysis  experience  on  the  National  SST  program  and  on 
the  previous  NASA  Boeing  study  of  the  969-336C  configuration  was  used  as  the  basis 
for  selecting  design  conditions. 

The  lateral  gust  loads  were  computed  using  the  approach  embodied  in  the  FAR  gust 
load  formula,  the  rudder  maneuver  loads  in  compliance  with  FAR  25.351(a).  and  the 
ground  handling  loads  in  compliance  with  FAR  25.471  through  25.509.  The  landing 
impact  loads,  which  are  critical  only  for  the  forward  body,  were  computed  on  the  basis 
of  the  acceleration  levels  obtained  in  the  dynamic  analysis  of  mding  in  pact  for  the 
National  SST  Program. 

Prio.'  to  the  aeroelastic  loads  analysis,  considerable  effort  went  into  planning  and 
checkout  of  the  FLFXSTAB  analysis.  This  imlud^d  the  development  of  the  panelling 
scheme  for  airload  analysis  and  selection  of  the  freedoms  to  be  retained  in  the 
structural  model  organizat ion  and  preliminary  check  runs  on  the  computer.  A 
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structural  model  with  164  retained  nodes  and  192  degrees  of  freedom  was  selected  from 
the  complete  structural  mathematical  model.  Close  coordination  between  stress  and 
loads  engineers  is  particularly  important  at  this  stage  of  the  analysis  to  insure  that  the 
retained  freedom  set  is  sufficiently  inclusive,  so  that  all  the  loads  required  for  stress 
analysis  will  be  available  from  the  FLEXSTAB  run.  A component  of  a load  vector  acting 
on  a structural  node  can  be  obtained  from  the  FLEXSTAB  analysis  only  if  the 
corresponding  nodal  displacement  is  one  of  the  retained  freedoms. 

Aeroelastic  loads  analysis,  utilizing  the  ATLAS  FLEXSTAB  System,  began  in  the  latter 
part  of  April  1974,  when  revised  mass  and  stiffness  matrices,  reflecting  the  preliminary 
stiffness  resize,  was  obtained  from  ATLAS.  Results  from  symmetrical  flight  load 
analyses  were  obtained  in  June  and  loads  due  to  lateral  gusts,  rudder  maneuvers, 
ground  handling*  and  landing  impact  were  obtained  in  July  1974.  However,  in 
computing  loads  and  preparing  for  the  stress  analysis  the  following  problems  were 
encouatered  at  this  time,  delaying  the  automated  resize  of  wing  structure  by  about  two 
months: 

1.  Lateral  wing  inertia  forces  were  omitted  from  antisymmetric  flight  loads  due  to  the 
omission  of  the  corresponding  retained  freedoms. 

2.  A program  addition  was  required  for  superposition  of  symmetric  and 
antis> mmetric  components  to  obtain  asymmetric  load  attributions  on  the 
half-airplane  model. 

3.  Panel  airloads  in  the  wheelwell  area  were  applied  at  a node  without  adequate 
structural  backup,  requiring  redistribution. 

4.  Allowables  data  for  ATLAS  resize  modules  required  additional  work. 

5.  Incompatibility  between  wing  and  body  displacements  was  found  at  the  side  of  the 
body.  Additional  stiffness  was  required  in  the  load  transfer  members  joining  wing 
mid-  plane  nodes  to  upper  and  lower  wing  nodes. 

Results  of  the  loads  analysis  were  trai.  emitted  to  the  ATLAS  data  bank  via  the 
FLEXSTAB  ATLAS  interface  for  use  in  stress  analysis  and  design  operations.  A 
detailed  account  of  the  loads  analysis  work  is  presented  in  section  8. 

STRENGTH  DESIGN 

The  strength  design  required  evaluation  of;  ( 1 ) the  stresses  due  to  the  various  load 
conditions.  ( 2>  the  relation  between  the  imposed  and  allowable  stresses  (margins  of 
safety),  and  ( 3 > structural  member  size  changes  necessary  to  obtain  the  desired  value  of 
the  margins  of  safety. 

The  stability  interaction  equation  used  for  evaluation  of  margins  of  safety  in  biaxial 
compression  and  shear  in  the  honeycomb  sandwich  wing  covers  is: 
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where  Rx,  R y,  Rx  y.  are  the  ratios  of  the  actual  to  allowable  inplane  load  for  the  axial 
and  shear  loads.  For  strength  critical  loading  conditions,  a modified  Hill’s  yield 
criterion  was  used.  The  influence  of  temperature  on  elastic  moduli  and  allowable 
stresses  was  included  in  the  analysis. 

Structural  elements  were  resized  using  a fully  stressed  design  algorithm  to  obtain  new' 
sizes.  I4  lements  in  the  fuselage  were  resized  by  hand  and  the  resizing  process  for  these 
elements  converged  in  two  cycles.  Since  lumped  areas  used  in  model  beam  elements  in 
the  fuselage  are  composed  in  part  of  effective  skin  areas  and  these  are  influenced  by 
buckling,  body  pressurization  and  thermal  stresses,  iterative  procedures  were  employed 
in  resizing  these  elements.  Automated  resizing  of  the  fuselage  elements  was  not 
attempted  because  of  the  more  difficult  problem  posed  by  buckled  skins  and  the  smaller 
structural  weight  savings  expected  in  the  fuselage. 

Elements  in  the  wing  covers  were  resized  using  an  automated  resizing  module  with 
convergence,  as  measured  by  total  mass  change,  occurring  in  three  cycles.  The  resizing 
module  uses  the  interaction  equation  given  above,  and  an  iterative  solution  technique. 
Margins  of  safety  were  calculated  considering  stability,  material  strength  (or  allowable 
stress  level),  and  fail  safety  for  multiple  load  cases.  The  loading  components  included 
membrane  stress  resultants  dut  to  overall  load  condition,  local  pressure  loading, 
thermal  and  acoustic  environment.  Eleii^nts  were  grouped  in  sets  as  shown  in  figure 
6-7  to  allow  imposition  of  common  constraints  *uch  as  minimum  face  sheet  thickness, 
constant  honeycomb  core  height,  and  stability  data.  Constraints  between  element  types, 
such  as  maintaining  cap  areos  of  at  least  one-quarter  of  the  area  of  the  largest  adjacent 
panel  for  fail-safety,  were  manually  imposed  between  resize  cycled  The  calculation  of 
allowables,  stability  allowables  in  particular,  requires  considerable  effort,  but  this  effort 
can  be  expended  during  the  earlier  stages  of  the  design,  i.e.,  concurrently  with  model 
development. 

In  this  case,  a strength  analysis  of  the  complete  aircraft  and  automated  resizing  of  the 
wing  elements  could  be  accomplished  in  an  overnight  computer  run  while  the  manual 
resizing  of  fuselage  structure  required  three  additional  manweeks  of  effort.  Thus, 
automated  strength-resizing  capability  can  reduce  total  design  cycle  time,  by  reducing 
the  time  required  for  one  of  the  sequential  tasks  (strength-resizing),  required  in  the 
design  cycle. 

On  completion  of  the  strength  resize,  new  stiffness  and  mass  matrices  and  a new  set  of 
vibration  modes  were  generated  in  ATLAS.  These  were  then  transmitted  to  the  flutter 
modules  via  the  tape  interface  for  initiation  of  final  flutter  analysis  and  redesign  to 
satisfy  f *er  criteria. 

Stress  analysis  and  redesign  for  strength  are  icported  in  section  10  and  a detailed 
account  of  the  structural  thermal  analysis  is  presented  in  section  9. 
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FLUTTER  ANALYSIS  AND  DESIGN  TO  SATISFY  FLUTTER  CRITERIA 


Flutter  analysis  of  the  strength  designed  structure  began  in  mid-November  1974.  A 

generalized  coordinate  approach  was  used  in  formulating  the  equations  of  motion  for 

wing  flutter  analysis,  with  a truncated  set  of  vibration  modes,  the  first  18,  and  the 

relevant  rigid-body  modes  as  degrees  of  freedom.  Equations  of  motion  were  developed 

for  the  half-airplane  with  appropriate  boundary  conditions  in  the  plane  of  symmetry  for 

separate  treatment  of  symmetric  and  antisymmetric  cases.  The  free-free  vibration 

modes  were  computed  within  the  ATLAS  system,  utilizing  a reduced  finite-element  < 

stiffness  matrix  (with  225  symmetric  and  260  antisymmetric  freedoms  for  the 

half-airplane>  and  a lumped  mass  inertia  matrix.  Subsonic  kernel  function  and 

supersonic  Mach  box  versions  of  unsteady  lifting  surface  theory  were  used  in  the 

calculations  of  generalized  aerodynamic  forces.  A classical  V-g  solution  technique,  based 

on  the  OR  algorithm,  was  used  in  solving  the  complex  eigenvalue  problem.  The  flutter 

analysis  is  described  in  detail  in  section  11.  The  following  paragraphs  describe  the 

general  approach  to  the  analysis  and  the  major  results  for  the  purpose  of  illustrating  to 

the  reader  the  magnitude  of  the  effort,  and  the  usefulnessof  the  integrated  analysis 

system. 

STIFFNESS  REDESIGN 

The  flutter  analysis  was  conducted  only  for  the  symmetrical  heavy  gross  weight 
condition  since  this  is  the  most  critical  condition.  The  analysis  showed  a very  low- 
flutter  speed  due  primarily  to  the  flexibility  of  the  engine  support  beams,  the  control 
surfaces,  and  the  wing  mounted  fin. 

Supplementary  calculations,  based  on  energy  balance  concepts  at  neutral  stability  were 
employed  for  diagnostic  purposes  to  identify  essential  degrees  of  freedom  in  the  critical 
flutter  mode.  Essentially,  this  involves  an  analysis  of  the  work  per  cycle  contributed  by 
the  coupling  terms  of  the  aerodynamic  force  matrix.  This  information,  together  with 
frequency  coalescence  trends  from  the  flutter  solution,  provided  useful  guidance  with 
regard  to  needed  changes  in  modal  frequencies  to  increase  flutter  speeds.  Engineering 
judgment,  based  on  experience  on  the  National  SST  program  was  used  in  defining 
structural  design  changes  to  meet  flutter  criteria.  The  star  point  for  stiffness 
redesign  v as  the  strength  designed  structure;  no  reductions  in  ,es  or  member  sizes 
below  the  values  specified  for  strength,  were  allowed. 

The  initial  stiffness  modification  to  the  strength  sized  structure  consisted  of  increasing 
the  stiffnesses  of  nacelle  support  beams  to  4.5  times  the  initial  value,  increasing  the  low 
speed  ailer  ;i  cover  thickness  by  a factor  of  4.0,  doubling  the  spar  and  wing  cover 
thicknesses  outboard  of  the  wing  mounted  fin,  and  adding  high  speed  control  locks  for 
the  low -speed  aileron  and  outboard  flaperon.  The  effect  of  this  change  is  illustrated  as 
change  number  1 in  figure  6-8.  Subsequently,  a number  of  stiffness  design  changes  were 
tried  to  achieve  the  greatest  improvement  in  flutter  speed  for  the  minimum  weight. 

These  are  also  shown  i:i  figure  6-8.  and  are  described  in  detail  in  section  11.  The  final 
stiffness  design  is  change  number  9 in  figure  6-8,  and  is  defined  in  detail  in  figure  6-9. 

It  should  be  pointed  out  that  the  final  stiffness  modification  also  includes  a change  in 
the  wing  thickness  in  the  outboard  region.  The  discontinuity  in  the  airfoil  shape  at  the 
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fin  station  was  removed,  and  the  thickness  ratio  at  the  fin  station  was  increased  from 
2.8 fk  to  3.5^,  with  the  increment  decreasing  linearly  to  zero  at  the  wing  tip  and  the 
outboard  nacelle  station.  A complete  analysis  of  the  final  configuration  was  conducted 
for  symmetric  and  antisymmetric  flutter  at  low  and  high  gross  weight  conditions  for 
subsonic  and  supersonic  Mach  numbers.  The  results  of  the  final  analysis  are 
summarized  in  figure  6-10. 

RESULTS 

The  mass  incremt  *it  above  strength  design  associated  w ith  the  final  stiffness  design 
changes  shown  in  figure  6-9  and  the  wingtip  thickening  is  4640  kg  (10,220  1b)  per 
aircraft,  including  the  mass  equivalence  of  the  drag  increase  due  to  thickening  the  wing 
tip.  It  was  concluded  that  further  effort  to  increase  the  flutter  speed  by  structural 
changes  based  on  engineering  judgment  would  produce  an  unrealistically  high  weight 
penalty.  Hence,  the  subsonic  dive  placard  was  reduced  by  50  knots,  imposing  a range 
decrease  of  46  km  (25  nmi  with  fixed  fuel  loading,  or  an  increase  of  600  kg  (1,300  lb)  in 
fuel  loading  for  constant  range.  Undoubtedly  a significant  saving  and  or  a higher 
placard  could  be  achieved  by  utilizing  a formal  optimization  technique.  However,  that 
approach  could  not  be  implemented  w ithin  the  scope  of  the  arrow  wing  study. 

The  advantages  gained  from  using  an  integrated  system  for  flutter  analysis  may  be 
determined  from  a comparison  between  this  recent  experience  in  flutter  analysis  and 
redesign  to  satisfy  flutter  criteria  for  an  Arrow  Wing  configuration  and  similar 
experience  on  the  National  SST  program.  During  the  final  two  or  three  years  of  the 
National  SST  program,  finite  element  methods  of  structural  analysis  f.nd  lifting  surface 
aerodynamic  theory  were  being  used  with  a mathematical  model  of  the  structure 
comparable  in  complexity  to  the  Arrow  Wing  model.  However,  the  load,  mass,  stress, 
resize,  vibration,  and  flutter  analysis  programs  were  not  combined  in  an  integrated 
system.  Consequently,  a great  deal  of  manual  data  processing  was  involved  in 
accomplishing  a single  structural  analysis  and  design  cycle.  In  that  environment, 
approximately  3 to  4 months  were  required  after  the  external  loads  were  defined  to 
determine  strength  sizing,  develop  flexibility  and  mass  matrices,  and  complete  a flutter 
analysis.  Subsequent  cycles  to  evaluate  the  effect  of  an  extensive  change  in  structural 
sizing  required  4 to  6 weeks  to  redefine  flexibility  and  mass  matrices  and  conduct  a new 
flutter  analysis. 

In  the  present  study,  approximately  2 weeks  were  spent  in  developing  and  verifying 
flexibility  and  mass  matrices  and  conducting  the  flutter  analysis  for  the  critical 
subsonic  condition  after  the  initial  structural  sizing  had  been  defined.  Subsequent 
cycles  to  evaluate  stiffness  changes  were  accomplished  generally  within  2 days, 
including  revisions  of  flexibility  and  mass  matrices  and  flutter  analysis.  Analysis  of  the 
final  configuration  symmetric  and  antisymmetric  flutter  at  high  and  low-  gross  weights 
for  subsonic  and  supersonic  conditions,  was  accomplished  in  two  weeks.  Three  engineers 
were  involved  in  performing  the  work  in  this  study,  whereas  ao  average  of 
approximately  3 times  this  number  were  required  to  perform  compa^Me  work  on  the 
National  SST  program.  The  computer  resources  used  in  performir  _*  Arrow  Wing 
fluff'  * work  were  also  substantially  less  than  required  for  similar  on  the  earlier 

projt  « even  though  substructuring  was  not  available  in  ATLAS. 


Evaluation  of  the  flutter  analysis  and  design  effort  in  this  study  and  comparisons  with 
similar  efforts  in  the  National  SST  program,  provide  the  following  observations.  The 
primary  advantage  of  the  ATLAS  system  in  flutter  analysis  and  design  is  the  reduction 
in  resources  and  cycle  time  to  perform  a flutter  analysis.  This  improved  efficiency  in 
flutter  analysis  makes  possible  early  application  of  the  capability  and  thus  permits 
stiffness  requirements  to  be  imposed  earlier  in  the  design  cycle  which  prevents 
unnecessary  strength  resizing  of  stiffness  critical  structure.  The  addition  of 
substructuring  i®  desirable  to  further  improve  flutter  analysis  efficiency.  Finally,  the 
method  of  resizing  for  flutter  based  on  engineering  judgment  used  in  this  study  may  be 
acceptable  for  a design  study  such  as  this,  but  for  actual  aircraft  design,  an  automated 
flutter  resizing  capability  is  highly  desirab’e. 
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Table  6-  1.—A  Summary  of  A TLAS  2.2  Capabilities 


Module 

Function 

ATLAS  (0.0) 

Control 

Initializes  loading  of  module  overlays,  and  closes  system  data  files. 
Defines  the  sequence  of  execution  of  modules. 

Aerodynamics 

Generates  aerodynamic  influence  coefficients  using  two-dimensional 
linearized  potential  flow  theory  for  general  planar  surfaces. 

Design 

Calculates  margins  of  safety,  and  resizes  the  structure  using  a 
fully-stressed  approach. 

Airloads 

Generates  steady-state  loads  using  AlC's  from  "AERODYNAMICS,” 
mass  matrices  from  "MASS,”  and  flexibility  matrix  from 
"STIFFNESS  ” 

Loads 

Prepares  finite  element  static  and  thermal  loads. 

Mass 

Generates  finite  element  mass  matrices  for  primary  and  secondary 
structure,  fuel,  and  payload. 

Stiffness 

Generates  the  finite  element  stiffness  and  stress  matrices. 

Stress 

Calculates  the  finite  element  stresses. 

Interpolation 

Establishes  mode  cnape  interpolation  functions  to  be  used  by  the 
airload  generators. 

Vibration 

Calculates  frequences  and  mode  shapes  of  a cVucture  undergoing 
free,  undamped  vibrations. 

Pieprocessor 

Reads  the  ATLAS  Problem  Deck,  and  loads  the  restart  tape. 

Plot 

Prepares  SC4020,  Gerber,  and  Calcomp  plot  data. 

Report 

Prepares  printed  reports  of  results  generated  by  technical  and 
utility  modules. 

Output 

Saves  all  problem  data  on  a checkpoint  file  to  enable  subsequent 
problem  restart. 
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Table  6-2.— Boeing  Program  to  Improve  Efficiency  and  Reliability  of  Aeroelastic  Loads  Analysis 


Reason  for  modification 

Addition  of  cycling  capability  tor  balanced  maneuvers  or  unit  solutions 

Improved 

efficiency 

Improved 

capability 

For  unit  solutions  on 

fL  Q,  & . 0.  w.  ftp-  a»  VyAs*  thrust, 

ALTITUDE  and  ATTITUDE 

• 

For  balanced  maneuvers  on: 

n,  q.  0 . VTAS.  Ude,  THRUST  and  ALTITUDE 

• 

Added  capability  to  generate  rigid  and  flexible  solutions  in  one  computer 
iun 

• 

Capability  to  select  the  degrees  of  freedom  retained  at  the  structural  nodes 

• 

• 

Addition  of  * •*  static  gust  solution  based  on  the  revised  gust  load  formula 

• 

Addition  of  the  capability  to  superimpose  an  externally  generated  pressure 

distribution  on  that  computed  by  SD&SS*  * indCelles,  for  example! 

• 

Added  capabilu  10  generate  m SD&SS  the  airloads  and  the  inertia  loads 
at  the  nodes  separately 

• 

Added  capability  to  specify  load  factor  rather  than  pitch  rate  for  balanced 
maneuvers 

• 

• 

Addpd  capability  to  put  user  specified  matrices  on  the  SD&SS  output  tape 

• 

Print  out  the  equivalent  airspeed  and  C*.  in  SD&SS 

% 

• 

Develop  interfaces:  ATLAS  ♦ FLEXSTAB  and  FLEXSTAB  -^ATLAS 

• 

‘Develop  a program  (VAMAT)  providing  the  capability  to  generate  net 
shear,  moment,  and  torsion  along  wing,  body,  and  horizontal  tail  in 
user  specified  cross  sections  (using  SD&SS  tape  output) 

• 

'Develop  a program  (VMTSCM)  providing  the  capability  to  scan  through 
the  loads  and  select  critical  loads 

• 

• 

'Deve’op  a plotting  program  providing  plots  of  shear,  moment,  and 
»•>»•>. on  along  wing,  body,  and  horizontal  tail 

i 

• 

• 

‘These  '..ograms  are  not  pan  of  the  FLEXSTAB  program 
* ‘Stability  derivatives  and  static  stability 
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Figure  6-5.—Aerodv>rjmic  Paneling  for  Loads 


Fir  <re  5-6.- A TLAS-An  Integrated  Structural  Analysis  and  Design  System 
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Figure  &7.  — Wif)g  Cover  Element  Subsets  for  Sizing 


0.9  Symmetric  721  000  lb 


Figure  6 8 — Effect  of  Design  Changes  to  Improve  Flutter  Characteristics 
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SECTION  7 


STRUCTURAL  MODELING 

INTRODUCTION 

One  basic  finite-element  structural  model  of  the  Arrow  Wing  was  developed  utilizing 
the  ATLAS  Program  System.  This  model,  developed  as  the  basic  source  of  structural 
data,  satisfies  the  requirements  of  loads,  stress,  and  flutter  analyses  in  the  aeroelastic 
cycle  During  the  national  SST  program,  it  was  found  that  a number  of  details  were 
very  influential  on  the  flutter  sensitive’  of  the  SST  wing.  Details  such  as  flexible  wing 
leading  and  trailing  edges,  engine  mount  flexibility,  stiffness  of  control  surface 
actuators,  etc.,  were  significant  to  the  flutter  evaluation,  and  this  sensitivity  was 
verified  by  flutter  model  wind  tunnel  test.  It  was,  therefore,  the  flutter  requirements 
that  dictated  the  level  of  detail  in  the  mathematical  model  of  the  Arrow  Wing. 

Effects  of  camber  changes  are  particularly  important  in  flutter  of  thin  low  aspect  ratio 
wings.  Figure  7-1  shows  that  detailed  simulation  of  flexible  leading  and  trailing  edge 
structure  produced  a substantial  degradation  of  the  calculated  flutter  speed  of  the 
National  SST  prototype.  Flutter  boundaries  were  also  very  sensitive  to  nacelle  support 
beam  flexibility.  Figure  7-2  shows  the  lowr  flutter  speed  that  existed  subsonically  for 
strength-designed  nacelle  support  beams,  and  the  effect  of  flexibility  of  the  outboard 
beam.  Symmetric  flutter  could  be  eliminated  by  softening  this  beam.  Unfortunately, 
antisymmetric  flutter  became  critical  with  softer  engine  beams  and  dynamic  load 
problems  also  proved  intractable.  Therefore  the  decision  was  made  to  stiffen  the  nacelle 
support  beams  to  32,000  lb.  inch  outboard  and  24,000  lb  inch  inboard. 

Figure  7-3  shows  the  requirements  imposed  on  the  Arrow  Wing  Task  II  structural 
model,  gained  from  prior  experience  in  the  analysis  of  large,  low  aspect  ratio  wings. 
These  requirements  include: 

Nacelle  support  beam  flexibility 

Flexible  leading  and  trailing  edge  control  surfaces 

Hinge  and  actuator  flexibility 

Wing  secondary  structure 

Landing  gear  and  wheelwell  cut-out 

Major  access  doors 

Attachment  details  for  flexible  wing  mounted  fins 
Complete  engine  e g.  motion 


Detailed  wing-body  attachment 


Some  of  the  above  refinements  are  visible  in  figure  7-4  which  shows  the  complete 
structural  half  model  of  the  airplane.  Figure  7-5  shows  detail  in  the  multi-elc  *mt  body 
and  the  w ing  mid-plane.  Figure  7-6  shows  the  wing  half-depths  added  to  the  wing 
mid-plane  nodes. 


GEOMETRY  AND  COORDINATE  SYSTEMS 

A well  integrated  airplane  results  from  a design  and  configuration  process  involving  a 
number  of  engineers,  each  working  in  his  individual  specialty.  Each  constructs  a 
coordinate  system  appropriate  to  the  work  that  is  being  performed.  The  integration  and 
consolidation  of  these  various  pieces  of  work  to  fit  into  the  integrated  aeroelastio 
analysis  requires  careful  definition  of  the  interrelationship  between  these  coordinate 
systems.  To  accomplish  this  consolidation  on  Arrow  Wing,  each  coordinate  system  has 
been  related  to  an  ATLAS  global  coordinate  frame.  The  transformation  equations  are 
given  in  table  7-1,  and  the  various  coordinate  frames  are  identified  in  figure  7-7.  A 
consistent  configuration  geometry  thus  prevails  from  the  configuration  geometry 
definition,  through  aerodynamics  performance  analysis,  design  group  layout,  and 
structural  design  to  the  representation  in  the  finite-element  model.  The  importance  of 
this  consistent  geometry  in  any  integrated  computer  analysis  cannot  be 
overemphasized.  For  convenience,  a local  ATLAS  coordinate  frame  was  used  for  the 
wing  mounted  fin.  Transformation  to  the  global  coordinate  frame  is  accomplished 
automatically  within  the  ATLAS  SYSTEM. 

Figure  7-8  shows  the  wing  fin  coordinate  frame  and  details  of  the  wing  fin  and  wing 
mid-plane  nodal  grids,  comprising  roughly  50  and  850  mid-plane  nodes  lespectively.  The 
wing  idealization  closely  follows  the  actual  structure,  and  the  nodal  grid  was  designed 
to  include  the  landing  gear  cutout  and  secondary  structure  contributing  leading  edge, 
trailing  edge  and  nacelle  attachment  flexibility.  The  wing  nodal  grid  extends  to  within 
a half  percent  of  the  semi-span  and  local  chords,  so  that  arbitrarily  stiff  structure  can 
be  used  to  define  mode  shapes  accurately  near  the  planform  edges,  since  the  edges  have 
an  important  influence  on  unsteady  aerodynamic  load. 

The  preparation  of  input  data  describing  the  location  of  mid-  plan?  nodes  and  the  offsets 
to  the  wing  upper  and  lower  surfaces  was  simplified  by  use  of  the  aerodynamic  loft 
describing  the  wing  for  fhe  aerodynamic  analysis.  The  aerodynamics  program  predicts 
pressure  distributions  for  a particular  definition  of  airfoil  thickness  and  camber,  and 
wing  twist  and  shear.  A special  control  program  was  written  to  calculate  the  location 
and  surface  offsets  for  each  node  from  this  geometric  data  in  the  proper  format  for  use 
in  ATLAS  and  properly  decremented  for  location  of  cover  skin  centroids  within  profile. 
Thus  the  structural  wing  geometry  definition  is  consistent  with  that  used  for  drag 
estimates.  Further  simplification  of  input  data  was  accoraplished  by  exploiting  the 
ATLAS  capability  for  internally  generating  "strings”  of  nodes  where  a regular  pattern 
exists. 


IDEALIZATION  OF  WING  AND  BODY  STRUCTURE 

The  structural  half-model  comprises  about  2000  nodes  with  4200  flexible  elements 
having  a total  of  8500  active  freedoms.  Figures  7-9  and  7-10  present  a pictorial 
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representation  of  the  multi-element  body  in  the  vicinity  of  the  wing.  Roughly  1100 
nodes  describe  the  body  and  empennage  structural  geometry.  The  body  model  includes 
the  wing  side-of-body  rib  and  wing  carry-thru  structure.  Lumping  of  structural 
components  into  an  equivalent  single  component  was  used  to  reduce  the  complexity  of 
the  body  model.  Lumping  two  frames  into  an  equivalent  single  frame  reduces  the  size  of 
the  model  and  provides  a one-to-one  correspondence  with  wing  spars.  Lumping  three  or 
four  stringers  into  an  equivalent  single  stringer  provides  a model  of  the  body 
cross-section  that  adequately  describes  overall  as  well  as  local  structural 
characteristics.  The  fuselage  finite-element  model  extends  for  the  length  of  the  wing  box 
as  shown  in  figure  7-6.  Forward  and  aft  of  this  region,  the  fuselage  is  idealized  as  a 
simple  beam,  tying  into  the  finite-element  portion  of  the  structure  as  a cantilevered 
beam.  The  structure  of  the  horizontal  tail  surfaces  is  modeled  as  a simple  network  of 
beams  to  simulate  the  flexibility  for  the  aeroelastic  loads  analysis.  The  surfaces  are 
treated  as  rigid  in  the  flutter  analysis,  with  the  mass  of  each  surface  located  at  the 
center  of  gravity,  and  attached  to  the  fuselage  with  a stiff  beam. 

The  wing  structure  is  comprised  of  ATLAS  "SPAR”  amd  'COVER”  macro-elements, 
so-called  because  the  element  itself  is  an  assembly  of  simpler  elements.  These  elements 
simulate  three-dimensional  airfoil  structures  with  great  versatility,  while  requiring 
one-third  to  one-half  the  usual  finite-element  descriptive  input  data.  Figure  7-11  shows 
an  ATLAS  "SPAR”  element  connecting  two  structural  mid-plane  nodes,  each  having 
three  kinematic  freedoms.  It  has  neither  lateral  bending  nor  torsional  stiffness.  The  web 
effectiveness  in  bending  can  be  taken  into  account  using  an  optional  lumpi  lg  factor. 
Offset  parameters  allow  the  user  to  ensure  the  correct  location  of  the  spar  chords 
relative  to  the  cover  skins.  Figure  7-12  shows  a triangular  ATLAS  "COVER”  element 
connecting  three  structural  mid-plane  nodes,  each  with  four  kinematic  freedoms.  This 
element  consists  of  two  membranes,  possibly  orthotropic,  that  can  carry  in-plane  loads, 
and  can  be  stiffened  uniaxially  in  one  or  two  orthogonal  directions,  but  have  no  plate 
bending  stiffness.  The  ATLAS  library  also  contains  a quadrilateral  "COVER”  element. 
The  membrane  on  one  side  of  a "COVER”  element  can  have  zero  thickness.  This 
capability  is  used  for  the  wheel  well  and  spoiler  cut-outs.  However,  care  had  to  be  taken 
in  the  specification  of  boundary  condition  data  for  such  "COVER”  elements  to  delete 
any  inactive  freedoms  of  the  mid-j  me  nodes  in  the  boundary  condition  data  for  such 
COVER  elements,  oreated  by  the  absence  of  the  plate  on  one  side  within  neighboring 
structural  idealiza* ions. 

Modeling  of  the  fin  attachment  to  the  wing  required  the-  use  of  ATLAS  "GPLATE” 
elements  with  auxiliary  offset  nodes,  figure  7-  13.  The  "GPLATE"  element  car*  carry 
out-of-plane  bending  in  addition  to  membrane  stresses.  The  plate  bending  capability  of 
the  GPLATE  was  not  used. 

The  shell-body  was  entirely  modeled  using  ATLAS  "4-NODE  SPLATE”  elements  and 
BEAM”  elements,  figure  7-13.  The  ATLAS  "BEAM”  element  connects  two  structural 
nodes  with  up  to  six  kincuiatic  freedoms  each  and  has  offset  elastic  axis  capability  using 
auxiliary  nodes.  The  offset  capability  of  the  beam  element  was  not  used  in  modeling  the 
body;  however,  it  was  used  in  modeling  the  control  surface  hinges  and  the  wheel-well  in 
the  wing.  The  "SPLATE”  element  is  a membrane  that  carries  only  shear  Urm 
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ATLAS  ,fROLT  elements  or  "BEAM”  elements  with  degenerate  properties  wen  used 
where  appropriate  in  modeling  the  landing  gear  trunnions,  spoiler  cut-outs,  and  hirge 
assemblies. 

FUSELAGE  LOAD-DISTRIBUTION  STRUCTURE 

The  airloads  and  inertia  loads  on  the  fuselage  occur  as  continuous  load  distributions  on 
the  surface  of  the  body.  For  the  purpose  of  the  analysis,  however,  these  loads  are 
lumped  together  and  applied  to  nodes  along  the  centerline  of  the  mathematical  model.  It 
is  therefore  necessary  to  provide  auxiliary  structures  to  redistribute  those  local  loads 
across  the  frames  in  a manner  that  prevents  large  local  stress  concentrations  and 
deflections.  These  auxiliary  structures  are  provided  as  shown  in  figures  7-14  and  7-15, 
and  consist  of  "whiffle-trees’  that  span  three  frames.  The  members  are  weightless  simple 
beams  with  bending  stiffness  in  one  plane  only,  and  allow  the  fuselage  structure  to 
deflect  w ithout  affecting  the  structural  properties  of  the  shell. 

WING  BODY  CONNECTION 

The  wing-body  connection  involves  forty  nodes;  there  are  simultaneously  wing  root 
chord  mid-plane  nodes  and  body  frame  nodes.  Figure  7-16  shows  a typical  connection 
node  between  the  wing  "SPAR''  and  "COVER"  macro-elements  and  the  "BEAM"  and 
"SPLATF/'  elements  of  the  body. 

NACEILE  AND  SUPPORT  BEAM  IDEALIZATION 

The  nacelle  is  simulated  by  a collection  of  extremely  stiff  oeams,  with  a node  at  the 
nacelle  center  of  gravity.  This  nacelle  assembly  is  attached  in  a statically  determinate 
manner  to  a flexible  box  beam  cantilevered  off  the  w ing  rear  spar.  The  engine  nacelle 
and  support  idealization  in  the  structural  model  is  illustrated  in  figure  7-17.  The 
exploded  view'  also  shows  the  wing  trailing  edge  secondary  structure  which  is  attached 
to  the  nacelle  support  beam.  As  indicated  in  the  figure,  vertical  shear  and  pitch  le u ds 
are  reacted  at  the  front  and  roar  nacelle  mounts  and  thrust,  roll  and  yaw  loads  are 
reactf  J at  the  front  mount  on  the  wing  rear  spar.  Roll  and  vaw  loads  are  reacted  by 
differential  shear  loads.  This  simulation  of  the  engine  nacelle  allows  the  retention  of  all 
six  nacelle  ‘‘enter  of  gravity  degrees  of  freedom  in  the  vibration  analysis 

WHEELWELL  IDEALIZATION 

Figure  7-18  shows  the  idealization  of  the  wheel-well  and  man1  landing  gear.  The  main 
gear  load,  gear-up,  is  reacted  at  two  trunnions  tied  to  the  wing  spar  aft  of  the 
wheel-well,  and  at  an  uplock  tied  to  a lattice  of  beams  reir  forcinj  ,e  upper  skin 
covering  the  wheel-well.  These  reinforcing  beams  have  only  bend.ng  stii.ness. 

CONTROL  SURFACE  HINGES  AND  ACTUATORS 

Figure  7-19  shovs  a typical  control  surface*  hmge  and  actuator  idealization.  Ir  'rd<*r  to 
satisfy  mid-node  connectivity  each  discrete  hinge*  is  idealized  by  offset  beams.  An  and 
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AB.  which  have  extensional,  and  lateral  and  vertical  bending  stiffnesses,  and  are 
hinged  at  node  B to  form  a ball  and  socket  joint.  Each  actuator  is  similarly  idealized  as 
an  offset  beam,  AB,  which  has  only  extensional  stiffness. 

Control  surface  hinge  line  nodes,  B,  are  defined  by  the  ATLAS  -tring  generation” 
routine  so  that  they  lie  on  a straight  line.  The  only  constraint  to  control  surface 
rotation  is  imposed  by  the  three  actuators,  AB. 

Each  control  surface  support  idealization  requires  a dummy  beam,  AC,  with  lateral 
bending  stiffness,  to  prevent  rigid  body  rotation  of  the  hinge  assembly  about  a vertical 
axis. 

WING-MOUNTED  FIN  IDEALIZATION 

The  wing  mounted  fin  attachment  is  shown  in  figure  7-20.  TI  special  handling  of 
SPAR  and  GPLATE  elements  in  this  region,  is  shown  in  figure  7-21  and  figure  7-22 
respectively.  Jhe^wing- mounted  fin  mid-plane  nodes  are  defined  in  a local  frame  of 
coordinates  (0,X,Y.Z>,  except  the  con necting^rnid^ nodes,  which,  like  all  wing  mid-nodes, 
are  input  in  a glob  ' frame  of  coordinates  (O.X.Y.Z)  A mid-node  i.  input  in  a frame  of 
coordinates  (0,X,Y,Z>,  local  or  global,  is  defined  by  four  quantities. 

X , Y , Z , AZ 

X,  Y,  Z are  the  cartesian  coordinates  of  the  mid  node  i in  the  frame  (O.X.Y  Z>  AZ  is  the 
half  depth,  associated  with  mid-node  i,  oriented  along  a line  parallel  to  ()Z.  passing 
through  mid-node  i. 

Figure  7-21  shews  a SPAR  element  < on  netting  a mid-node  Nj  < X j . Yj . Z t . AZj  >,  input  in 
the  local  frame  of  coordinates  to  a mid- node  N\>  < \V  VL>.  Z^  AZL>  >.  input  in  the 

global  frame  of  coordinates  'O  X,Y  ” Becaus  * the  quantities  AZ]  and  AZL>  have 
different  orientations,  the  SPAK  ehmu  nt  looks  warped  and  it  would  appear  that  way  if 
it  were  plotted.  However,  despite  th.  apparent  geometric  warping,  the  element  stiffness 
matrix  generated  for  the  SPAR  will  be  correct  when  the  fid  lowing  procedure  is  used: 

The  mid -node  having  a AZ  witn  the  desired  spar  orientation  must  be  mentioned  first  on 
the  SPAR  element  input  card. 

"SPAR  N,  N. 

Because  mid-node  N|  is  mentioned  firsi,  a half-depth  AZj.  parallel  to  ()Z.  will  he 
associated  with  mid-node  Nj  and  a half-depth  A^o.  also  parallel  to  OZ,  will  he 
associated  with  mid-node  Ng.  If  we  want  a half  depth  AZ-> . we  have  to  use  the  SPAR 
offset  parameter  O2  (poscibly  negative)  to  correct  the  value  to  AZL>,  in  sue)  a manner 
that 


as  shown  in  figure  7-2 1 It  was  in  this  manner  that  fin  half-depths  were  obtained  for  the 
fir  spars  at  the  connection  mid-  nodes  from  the  wing  half-depths  associated  with  these 
nodes. 

In  the  ('OVER  element,  the  direction  of  the  rigid  post  associated  with  each  node 
depends  on  the  input  frame  for  that  node.  ('OVER  elementsjL'tm  nee  ting  wing-mounted 
fin  mid-nodes,  defined  in  the  local  frame  of  coordinates  (O.X.Y.Z)  and  the  connection 
mid-nodes,  input  in  the  global  frame  of  coordinates  (O.X.Y.Z)  would  be  completely 
unrepresentative,  because  of  the  completely  different  orientation  of  these  two  frame® 
(see  figure  7-21).  This  difficulty  is  solved  bv  usir.^  GPLATL  iements  instead  of  ('OVER 
elements.  Auxilu  \v  nodes,  properly  ' Tset  from  the  mid- nodes,  must  be  defined  on  each 
side  of  the  w»  g-mounted  fin  as  shown  in  figure  7-22. 

For  all  wing  nodes  input  in  the  global  frame  of  coordinates  f O.X.Y.Z  b no  global  RZ 
stiffnesses  are  defined,  since  only  SPAR  and  ('OVER  elements  are  us°d.  These  zero 
glo  al  RZ  stiffnesses  are  au  omaticallv  deleted  in  ATLAS  and  need  i 1 deleted  in 
specifying  boundary  conditions  Similarly,  all  wing-mounted  fin  node*  i rip ut  in  the  local 
frame  (O  X.Y,Z)  have  no  RZ  local  stiffness;  however,  these  zero  local  RZ  stiffnesses  are 
not  automatically  deleted  and  also  boundary  conditions  cannot  be  imposed  in  a local 
frame  in  ATLAS  2 0.  This  problem  was  solved  by  using  a fict  Minus  BEAM  element  with 
only  lateral  bending  stiffness,  in  parallel  with  each  w lag-mounted  fin  SPAR  element, 
thus  d (‘fining  all  local  RZ  stiffnesses. 

STRUCTURAL  MODEL  CHECKOUT 

The  structural  model  validation  commenced  with  the  checking  for  keypunch  and 
transcription  eiror^  •?  hulk  nodal  and  element  card  data,  supplemented  by  the  input 
error  diagnostics  »>f  the  ATLAS  program  system  Finite-element  sizing  was  verified 
against  structural  preliminary  sizing  Further  confidence  in  the  modeling  was  gained  by 
uncovering  and  correcting  mislocated  nodes,  missing  or  duplicated  “Iements  and 
incorrect  element  connections,  using  ATLAS  nodal  and  element  geometry  plots  as 
shown  on  figure  7-9.  Model  validation  proceeded  in  several  stages*  stress  and 
displacement  analysis  for  symmetric  and  ent isyrnmetric  loading  of  the  bodv, 
examination  of  wing  and  body  details  and  computer  plots  of  both  cantilevered  wing  and 
complete  airplane*  flexibility  influence  coefficients,  preliminary  vibration  analyses  ind  a 
stress  analysi  with  preliminurx  symmetric  airplane  loads,  which  uncovered  further 
model  deficiencies.  All  errors  were  corrected  before*  p xeeding  with  the  Task  II  detailed 
configuration  arrilv.Sv 

The  stress  and  displacement  analyses  confirmed  that  tin*  bodv  load  distribution 
structures  did  not  constrain  the  bodv  Good  deflection  continuity  at  the  connection  of 
the  multi-clement  bodv  to  the  single  beam  representation  fore  and  aft  was  similarly 
confirmed.  Th(*  stress  analysis  also  revealed  an  improper  r<  action  at  tin*  hmgelim  of 
♦ he  low  speed  aileron,  created  by  a slight  nodal  misalignment  which  was  undetectable 
at  the  scale  of  the  geometry  plots. 

Large  flexibility  matrices  were  tabulated  and  examined  using  computer  p'nts  f<  r one 
load  at  a time.  Figure  7-22  shows,  for  the*  same  point  load  at  mid-^pun  near  the  wing 
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as  shown  in  figure  7-21.  It  was  in  this  manner  that  fin  half-depths  were  obtained  for  the 
fin  spars  at  the  connection  mid-  nodes  from  the  wing  half-depths  associated  with  these 
nodes. 

In  the  COVER  element,  the  direction  of  the  rigid  post  associated  with  each  node 
depends  on  the  input  frame  for  that  node.  COVER  elements^connecting  wing-mounted 
fin  mid-nodes,  defined  in  the  local  frame  of  coordinates  (0,X,Y,Z)  and  the  connection 
mid-nodes,  input  in  the  global  frame  of  coordinates  (0,X,Y,Z)  would  be  completely 
unrepresentative,  because  of  the  completely  different  orientation  of  these  two  frames 
<see  figure  7-21).  This  difficulty  is  solved  by  using  '’LATE  elements  instead  of  COVER 
elements  Auxiliary  nodes,  properly  offset  from  the  mid-nodes,  must  be  defined  on  each 
side  r*the  wing-mounted  fin  as  shown  in  figure  7-22. 

hor  all  wing  nodes  input  in  the  global  frame  of  coordinates  (0,X,Y,Z),  no  global  RZ 
stifTnessej  are  defined,  since  only  SPAR  and  COVER  elements  are  used.  These  zero 
global  RZ  stiffnesse  are  automatically  deleted  in  ATLAS  an / * ^d  not  be  deleted  in 

specifyingjboundary  conditions.  Similarly,  all  wing-mounted  7 n nodes  input  in  the  local 
frame  (0,X,Y,Z)  have  no  RZ  local  stiffness;  however,  these  zero  local  RZ  stiffnesses  are 
not  automatically  deleted  and  also  boundary  conditions  cannot  be  imposed  in  a local 
frame  in  ATLAS  2.0.  This  problem  was  solved  by  using  a fictitious  BEAM  element  with 
only  lateral  bending  sttffness,  in  parallel  with  each  wing-mounted  fin  SPAR  element, 
thus  defining  all  local  RZ  stiffnesses. 

STRUCTURAL  MODEL  CHECKOUT 

The  structural  model  validation  commenced  with  the  checking  for  keypunch  and 
transcription  ^rors  of  bulk  nodal  and  element  card  data,  supplemented  by  the  input 
error  diagnostics  of  the  ATLAS  program  system.  Finite-element  sizing  was  verified 
against  structural  preliminary  sizing.  Further  confidence  in  the  modeling  was  gained  by 
uncovering  and  correcting  mislocated  nodes,  missing  or  duplicated  elements  and 
incorrect  element  connections,  using  ATLAS  nodal  and  element  geometry  plots  as 
shown  on  figur?  7-9.  Model  validation  proceeded  in  several  stages:  stress  and 
displacement  analysis  for  symmetric  and  antisymmetric  loading  of  the  body, 
examination  of  wing  and  body  details  and  computer  plots  of  both  cantilevered  wing  and 
complete  airplane  flexibility  influence  coefficients,  preliminary  vibration  analyses  and  a 
stress  analysis  with  preliminary  symmetric  airplane  loads,  which  uncovered  further 
model  deficiencies.  All  errors  were  corrected  1 efore  proceeding  with  the  Task  II  detail** 
configuration  analyses. 

The  stress  and  displacement  ana.yses  confirmed  that  *he  body  load  distribution 
structures  did  not  constrain  the  body.  Good  deflection  continuity  at  the  connection  of 
the  multi-element  body  to  the  single  beam  representation  fore  and  aft  v is  similarly 
confirmed.  The  stress  analysis  also  revealed  an  impioper  reaction  at  the  hingeline  of 
the  low  speed  aileron,  created  by  a slight  nodal  misalignment  which  was  undetectable 
at  the  scale  of  the  geometry  plots. 

Large  flexibility  matrices  were  calculated  and  examined  using  com  outer  plots  for  one 
load  at  a time.  Figure  7-23  shows,  for  the  same  point  load  at  mid-span  near  the  ir. 


leading  edge,  a deflection  comparison  between  the  wing  cantilevered  at  the  wing-  body 
c .inection  nodes  and  the  complete  structure  with  fore  and  aft  body  supports  and 
symmetrically  loaded  on  right  and  1*?>  wings.  Figure  7-24  shows  another  deflection  plot 
for  the  half-  airplane  model  with  fore  and  aft  body  supports  and  symmetric  loading: 
'ast,  for  a point  load  in  the  mid-body  region  and  secondly,  for  symmetric  loading  on 
re  h»  and  left  horizontal  stabilisers.  Figures  7-23  and  7-24  are  typical  of  the  good 
I "ieilection  continuity  that  prevails  for  loading  anywhere  on  the  model.  Care  must  be 

exercised  not  to  apply  unusually  large  loads  on  the  wing  planform  edge  structure.  This 
structure  was  added  to  avoid  extrapolation  of  vibration  mode  shapes  when  transferring 
this  data  fro  i structure.  > *.  aerodynamic  grids. 

The  deflection  checks  were  also  useful  in  uncovering  local  soft  spots  in  wing  secondary 
1 structure.  Such  unrepresentative  localised  flexibilities  were  removed  from  the  model 

before  proceeding  further. 

Examin'.lion  of  nacelle  coupled  vibration  modes,  with  the  support  beam  cantilevered  at 
whe  wing  rear  spar,  revealed  the  need  to  decouple  side  translation  and  torsion  of  the 
j support  beam  by  revising  the  aft  mount  for  the  engine  as  shown  in  figure  7-17. 

The  preliminary  vibration  analysis  also  revealed  a low  frequency  local  resonance  of  the 
ma  gear  in  the  stowed  position.  This  was  due  to  the  long  load  path  for  the  gear  uplock 
on  the  lattice  of  beams  supporting  the  wheel-well  upper  surface.  A localized  ATLAS 
model  was  used  to  evaluate  proposed  structural  modifications  to  increase  the  stiffness  at 
| the  gear  uplock.  The  modification  adopted  is  shown  in  figure  7-18  and  included  addition 

of  a full-depth  rib  on  the  inboard  edge  of  the  wheel- well,  addition  of  lower  honeycomb 
skin  panels  inboard  of  the  above  rib  extending  to  the  side-of-body  rib.  and  an  increased 
bending  stiffness  of  the  uplock  beam,  obtained  principally  by  a depth  increase. 

Excessive  frame  local  deformatibn  was  detected  at  the  side-of-body  connection  with  the 
9 wing  in  thfe  complete  model  stress  analysis.  This  difficulty  was  corrected  before  resizing 

the  structure  for  strength  design.  Special  consideration  in  modeling  is  required  at  any 
structural  junction  containing  ATLAS  mid-  surface  nodes.  The  wing  SPAR  and  COVER 
elements  have  rigid  end-posts  which  equate  upper  and  lower  skin  and  spar  loads  to  a 
statically  equivalent  set  of  forces  and  moments  at  the  wing  mid-surface  wing-body 
) connection  nodes.  Body  frame  BEAM  element;  from  the  connection  nodes  to  the  upper 

and  lower  chords  of  the  side-of-body  rib  had  to  be  adequately  stiffened  to  essentially 
restore  the  statically  equivalent  loads  at  the  connection  nodes  to  the  realistic  upper  and 
lower  wing  skin  and  spar  chord  loads. 

MODEL  REVISIONS  FOR  AEROELASTIC  CYCLE 

i 

As  a result  of  the  initial  assessment  of  flexibilities  and  the  preliminary  vibration 
analyses  it  was  decided  to  increase  stiffness  in  three  areas  prior  to  initiation  of  the 
aeroelastic  loads  analysis.  In  the  wing  tip  outboard  of  the  wing-mounted-fln,  spars  and 
covers  of  main  box  and  secondary  structure  behind  the  rear  spar  were  doubled.  The  low 
speed  aileron  cover  thickness  was  increased  by  a factor  of  4.0  to  minimize  wind-up 
relative  to  the  inboard  location  of  the  actuators.  Finally,  nacelle  support  beams  were 
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stiffened  by  a factor  of  1.5  to  roughly  9000  lb/in.,  defined  at  the  rear  mount  location 
with  the  beam  cantilevered  at  the  wing  rear  spar.  These  model  revisions  for  the 
aeroelastic  cycle  are  shown  in  figure  7-25. 

DEVELOPMENT  TASK/TIME  AND  MODEL  UTILIZATION 

Hie  structural  model  and  its  associated  distributed  mass  model  took  approximately  63 
man-months  of  effort  over  a period  of  7 months  to  set-up  and  check-out,  and  cost  about 
80  CDC  6600  computer  capacity  units,  a value  of  $12,000.  Figure  7-26  shows  a 
breakdown  of  the  tasks  and  time  taken  in  setting-up  the  separate  wing  and  body  models 
and  in  pooling  data  to  form  the  airplane  structural  model.  Apart  from  the  obvious  tasks 
of  preparing  node  and  element  data,  considerable  time  was  spent  in  initially  sizing 
structure  and  in  checking  the  structural  model,  before  any  detailed  configuration 
analyses  were  started.  Figure  7-27  summarizes  the  use  of  the  ATLAS  Program  System 
in  the  technical  analysis. 

FINAL  DEFINITION  OF  STRUCTURAL  MODEL 

Following  the  aeroelastic  strength  design  of  the  structure,  additional  stiffness 
modifications,  described  in  Section  11,  were  added  in  satisfying  flutter  criteria. 
Figures  7-29  through  7-40  show  the  nodal  connectivity  in  the  model.  The  wing  was 
separated  into  four  regions  plus  the  fin  as  defined  in  figure  7-28,  to  preserve  detail. 
Figures  7-29  and  7-30  show  the  cover  elements  and  the  spar  and  beam  elements, 
respectively,  in  region  1.  The  body  elements  and  node  numbering  schemes  are  shown  in 
figures  7-  39  and  7-40. 

ENGINE  BEAM  STIFFENING  AND  DIFFUSION  RIBS 

An  innovative  design  concept,  which  was  committed  for  use  on  the  National  SST 
prototypes,  is  used  for  the  stiffened  engine  27  beams  and  their  diffusion  ribs.  It 
comprises  a strength  designed  titanium  beam  with  borsic-aluminum  composite  added  to 
the  chords  to  achieve  the  required  stiffness  level,  with  consequent  weight  saving 
relative  to  an  all  titanium  beam.  For  direct  correlation,  the  "flutter  option”  of  the 
ATLAS  design  module  was  used  to  factor  up  the  element  sizing  for  strength  designed 
titanium  beams  to  obtain  stiffened  engine  beams,  so  that  the  sizing  is 
disproportionately  large  compared  with  the  design  concept.  It  should  be  noted  that 
engine  beam  weight  was  included  separately  with  the  mass  elements  in  the  ATLAS 
mass  module.  The  diffusion  ribs,  which  were  added  later,  have,  similarly,  the  stiffness 
properties  of  titanium  only,  but  since  they  are  in  the  wing  main  box  which  is  weighed 
in  the  ATLAS  mass  module,  the  lighter  weight  of  the  design  concept  was  obtained  by 
using  an  ATLAS  "special  material”  with  0.612  times  the  uunsity  of  titanium,  to  allow 
for  the  correct  proportion  of  the  two  materials  used  in  the  design  concept. 
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Table  7-1  .—Coordinate  Transformation  Equations 
(ref.  fig.  7-7) 
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Mach  number 

Figure  7- 1.- Effect  of  Flap  and  Control  Surface  Flexibility  on  Flutter 


National  SST  Program 


ngtne  Support  Beam  Flexibility  on 


Figure  7-3.— Minimum  Requirements  of  Structural  Mode!  for  Meaningful  Flutter  Analysis 
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Figure  7- 10.— Body  Finite-Element  Model,  Wheelwell  and  Aft 


Body  Finite-Element  Model 


Figure  7- 14.— Vertical  Load  Distribution  Structure  For  Body 
(Symmetric  Loads  and  Boundary  Conditions ) 


Figure  7-1 6. -Wing- Body 


Wing  Finite-  Element  Model 


Figure  7-26.  —Structural  Model  Development,  Task /Time 


Figure  7-27. -Use  of  ATLAS  Program  System 
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Beam  offset  nodes  in  wheel  wei!  area  not  shown 
( ) denotes  node  out  of  plane  of  wing  definition 


Figure  7-32.-  Region  2,  Spar  and  Beam  Elements 
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SECTION  8 

LOADS  ANALYSIS 

DESIGN  LOADS  ANALYSIS 

The  analysis  of  loads  for  the  strength  design  of  the  Arrow  Wing  Supersonic  Transport 
was  accomplished  with  the  use  of  the  FLEXSTAB  (ref.  8-1)  and  ATLAS  (ref.  8-2) 
Program  Systems. 

FLEXSTAB  is  a system  of  programs  developed  by  Boeing  under  contract  NAS2-5006  to 
NASA  Ames  Research  Center.  It  was  designed  to  predict  the  stability  characteristics  of 
flexible  airplanes  based  on  the  geometry,  mass  distribution  and  flexibility  of  the 
airframe,  using  linear  aerodynamic  and  structural  influence  coefficient  theory. 
Although  not  principally  designed  as  a loads  analysis  tool,  FLEXSTAB  generates 
sufficient  information  in  the  process  of  performing  a stability  analysis,  that  its 
extension  /or  use  in  loads  analysis  is  a fairly  simple  task.  The  aerodynamic 
representation  used  in  the  FLEXSTAB  system  is  based  on  the  finite  element  method 
developed  by  Woodward  to  solve  linearized  potential  flow  equations  for  supersonic  and 
subsonic  speeds.  This  approach  uses  the  vortex  lattice  analogy  for  lifting  surfaces,  and  a 
system  of  flow  singularities  on  the  mean  surface  for  the  interference  shell  in  supersonic 
flow.  Slender  body  theory  is  used  for  slender  bodies  such  as  the  fuselage  and  nacelle. 

In  preparation  for  the  Arrow  Wing  contract,  a Boeing  development  effort  was  directed 
at  producing  a version  of  FLEXSTAB  that  would  satisfy  the  needs  of  the  Loads  group  in 
analyzing  design  loads.  The  changes  and  additions  made  to  FLEXSTAB  during  this 
time  are  shown  in  table  8-1.  These  changes  were  subsequently  incorporated  in  the 
official  NASA  version  of  FLEXSTAB  1 .2. 

The  modifications  to  FLEXSTAB  were  carried  out  with  two  major  purposes  in 
mind-improved  program  efficiency  and  improved  analytical  capability-and  table  8-1 
identifies  in  which  of  these  categories  the  various  changes  fall. 

ATLAS  is  a Boeing  developed  system  of  technical  program  modules  executed  under  a 
user  defined  control  program.  In  the  Arrow  Wing  loads  analysis,  the  ATLAS  stiffness 
module  was  used  to  generate  the  structural  flexibility  matrices  and  the  mass  module  to 
generate  the  mass  matrices  for  FLEXSTAB.  Figure  8-1  shows  a schematic  diagram  of 
the  ATLAS-FLEXSTAB  program  system  as  used  in  the  Arrow  Wing  loads  analysis. 

From  the  point  of  view  of  improved  program  efficiency,  the  most  significant  items 
identified  in  table  8-1  are  the  addition  of  the  capability  to  cycle  through  multiple  load 
cases,  the  establishment  of  tape  interfaces  between  ATLAS  and  FLEXSTAB  for  the 
transmittal  of  data  that  are  common  to  both  programs,  and  the  capability  for  the  user  to 
retain  those  structural  degrees  of  freedom  in  v hich  he  is  interested,  rather  than  his 
being  forced  to  retain  all  translational  freedoms  at  each  retained  node. 
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The  loads  analysis  conditions  were  selected  on  the  basis  of  the  requirements  of  the 
Federal  Aviation  Regulations,  Part  25  and  the  Tentative  Airworthiness  Standards  for 
Supersonic  Transports.  Boeing's  extensive  experience  in  the  loads  analysis  for  the 
National  SST  and  the  previous  NASA  study  for  the  Boeing  Model  969-336C 
configuration  (developed  from  the  NASA  SCAT-15F)  were  used  as  a basis  for  selecting 
potential  critical  design  conditions.  Where  appropriate,  data  obtained  for  these  two 
previous  designs  were  used  in  this  study  and  are  identified  where  they  occur. 

AERODYNAMIC  MODELING 

FLEXSTAB  PANELLING  SCHEME 

The  aerodynamic  panel  scheme  used  in  FLEXSTAB  to  generate  the  aerodynamic 
influence  coefficient  matrix  is  shown  in  figure  8-2  and  defined  in  table  8-2.  This  model 
represents  173  panels.  The  general  guidelines  adhered  to  in  this  particular  selection  of 
panels  are  as  follows: 

1.  The  spanwise  width  of  each  panel  shall  be  approximately  the  same. 

2.  Panels  shall  be  narrow  in  a chordwise  direction  in  areas  of  rapidly  changing 
pressure,  such  as  at  the  wing  leading  edges. 

3.  Panel  boundaries  shall  coincide  with  control  surface  edges. 

4.  Adjacent  panels  shall  not  be  staggered,  that  is,  adjacent  panels  shall  have  common 
corner  points. 

5 Streamwise  panel  boundaries  on  the  horizontal  tail  shall  be  colinear  with  panel 
boundaries  on  the  wing. 

Item  5 is  only  necessary  if,  as  is  assumed  in  this  analysis,  there  is  little  or  no  vertical 
separation  between  wing  and  horizontal  tail.  If  the  two  surfaces  are  separated  vertically 
by  a distance  of  approximately  one  half  the  spanwise  width  of  a wing  panel,  there  is  no 
need  for  the  panel  boundaries  to  be  colinear. 

Obviously,  there  are  some  areas  where  all  of  the  conditions  listed  above  cannot  be 
satisfied  simultaneously.  For  the  aerodynamic  model  shown  in  figure  8-2,  for  example, 
conditions  1 and  3 cannot  both  be  satisfied.  In  this  case,  where  a control  surface 
boundary  occurs  within  the  boundaries  of  an  aerodynamic  panel,  the  "area  ratio" 
capability  of  FLEXSTAB  must  be  resorted  to.  For  flaps  down  conditions,  where  the 
camber  of  an  entire  panel  is  changed  to  represent  the  flap  deflection,  the  magnitude  of 
the  camber  change  for  an  aerodynamic  panel  only  partially  covered  by  a control  surface, 
is  reduced  by  the  fraction  of  the  total  panel  area  represented  by  the  control  surface 
within  that  panel.  While  this  is  by  no  means  an  entirely  rigorous  solution,  studies  have 
shown  that  it  does  provide  an  adequate  estimate  of  the  panel  loading. 

The  spoilers  and  spoiler-slot  deflectors  cannot  be  represented  theoretically  in 
FLEXSTAB  since  they  involve  large  angular  displacements  and  flow  through  the  wing 
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from  one  surface  to  the  other.  In  a production  program,  the  influence  of  spoilers  on 
design  loads  would  be  accounted  for  by  superimposing  measured  pressure  data  on  the 
basic  FLEXSTAB  solution,  but  in  the  present  analysis  no  such  data  were  available,  and 
the  effects  of  spoilers  and  spoiler-slot  deflectors  were  ignored. 

It  has  also  been  found  that  FLEXSTAB  is  not  capable  of  an  adequate  representation  of 
the  flow  field  and  resulting  pressure  distribution  caused  by  underwing  nacelles.  For  the 
Arrow  Wing  loads  analysis,  the  interference  effects  of  the  nacelles  were  computed 
externally  and  superimposed  on  the  basic  FLEXSTAB  solution.  The  calculation  of  these 
nacelle  pressures  is  based  on  the  method  described  in  reference  8-3.  This  consists  of 
assuming  that  linear  theory  correctly  predicts  the  perturbation  velocities  produced  by 
the  nacelles  but  that  their  longitudinal  location  requires  shifting,  the  magnitude  of  this 
shift  being  related  to  the  nacelle  geometry.  Shock  waves  are  inserted  and  the  complete 
flow  field  may  be  calculated  including  fhe  effects  of  pressure  field  reflections. 

STRUCTURAL  MODELING 
STRUCTURAL  FLEXIBILITY  MATRICES 

Symmetrical  and  asymmetrical  flexibility  matrices  for  use  in  the  FLEXSTAB  loads 
analysis  were  generated  in  ATLAS.  A structural  model  with  164  retained  nodes  and  192 
degrees  of  freedom  was  selected  from  the  complete  structural  mathematical  model.  The 
retained  nodes,  shown  in  figure  8-3,  were  selected  to  provide  adequate  accuracy  in  the 
definition  of  the  airload  distribution  over  the  wing,  while  minimizing  the  computing 
costs.  The  degrees  of  freedom  retained  on  each  component  of  the  airframe  for  both 
symmetrical  and  asymmetrical  flexibility  matrices  are  shown  in  figure  8-4. 

STRUCTURAL  DATA  IN  FLEXSTAB 

The  External  Structural  Influence  Coefficient  (ESIC)  program  in  FLEXSTAB  takes  the 
flexibility  matrices,  nodal  geometr}  i the  retained  nodes  and  the  mass  matrices 
generated  by  ATLAS  as  input  data.  The  transmittal  of  these  data  is  on  magnetic  tape 
and  is  accomplished  by  the  use  of  the  ATLAS-FLEXSTAB  interface  subroutine  within 
ATLAS.  Structural  panels  are  defined  by  the  analyrf,  each  utilizing  three  or  four  of  the 
nodes  retained  in  the  generation  of  the  flexibility  matrices.  The  deflections  at  the 
corners  of  these  triangular  or  quadrilateral  panels  are  then  used  by  ESIC  to  compute 
the  streamwise  slope  influence  coefficients  at  the  aerodynamic  centers  of  the 
FLEXSTAB  aerodynamic  panels.  The  structural  panels  used  in  ESIC  are  shown  in 
figure  8-5. 

While  ESIC  has  the  ability  to  extrapolate  should  an  aerodynamic  center  fall  outside  the 
boundaries  of  a structural  panel,  the  accuracy  of  such  extrapolation  is  very 
questionable.  As  a consequence,  care  was  taken  in  the  Arrow  Wing  loads  analysis  to 
ensure  that  enough  structural  nodes  were  retained  on  the  periphery  of  the  planform 
that  extrapolation  by  FLEXSTAB  was  unnecessary.  Retention  of  such  extreme  nodes, 
however,  can  lead  to  additional  problems  when  it  comes  to  modeling  the  mass  of  the 
structure.  In  any  program  such  as  ATLAS,  where  the  distributed  mass  is  lumped  to 
concentrated  masses  at  the  retained  nodes,  great  care  must  be  taken  to  avoid  large 
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masses  being  assigned  to  nodes  on  the  leading  or,  especially,  the  trailing  edge  nodes. 
Large  weights  applied  to  the  very  thin  structure  at  the  trailing  edge,  for  example,  give 
rise  to  excessively  large,  and  unrealistic,  local  deformations. 

STRUCTURAL  DESIGN  PLACARDS  AND  LIMITATIONS 

The  structural  design  placards  for  the  Arrow  Wing  were  established  in  accordance  v ith 
the  requirements  of  the  FAR  Part  25  and  the  Tentative  Airworthiness  indards  for 
Supersonic  Transports.  Where  appropriate,  recourse  was  made  to  the  extensive  analyses 
performed  for  the  Boeing  2707-300  National  SST  in  the  selection  of  design  parameters. 

The  structural  design  airspeeds  for  the  Arrow  Wing  are  shown  in  figures  8-6  and  8-7, 
and  tables  8-3  through  8-6.  The  variation  of  the  maximum  demonstrated  normal  force 
coefficient  for  use  in  computing  the  design  maneuvering  speed,  is  shown  in 
figure  8-8.  and  the  variation  of  maximum  flight  weight  with  altitude  in  figure  8-9.  For 
negative  maneuvers,  was  assumed  to  be  70%  of  Cl^ax  DEM* 

STRUCTURAL  DESIGN  AIRSPEEDS 

MAXIMUM  OPERATING  SPEED/MACH  NUMBER 

The  maximum  operating  speed  and  Mach  number,  Vmo/Mmo*  are  determined  in  such  a 
manner  as  to  include  all  normal  operational  flight  conditions  including  climb,  cruise 
and  descent.  The  speeds  chosen  for  the  Arrow  Wing  were  those  determined  for  the 
Boeing  2707-300. 

DESIGN  CRUISING  SPEED/MACH  NUMBER 

The  design  cruising  speed,  V<-,  is  selected  to  be  equal  to  V^o-  Supersonic  cruise  Mach 
number  is  selected  as  Mo  - 2.7.  The  design  cruising  speeds  as  selected  exceed  the 
requirements  of  FAR  25.335(a). 

DESIGN  DIVE  SPEED/MACH  NUMBER 

The  design  dive  spee  Vp,  is  the  maximum  speed  for  which  the  airplane  is  designed. 
The  design  dive  speed  and  Mach  number,  Vp/Mp,  are  selected  to  be  the  same  as  those 
used  on  the  2707-300,  which  provided  an  adequate  speed  margin  between  V^/Mo  and 
Vp/Mp,  and  met  the  lequirements  of  TAS  [FAR  25.335(b)]. 

DESIGN  MANEUVERING  SPEED 

The  design  maneuvering  speed,  Va,  is  the  maximum  speed  at  which  maneuvers  can  be 
performed  without  regard  for  structural  integrity.  This  speed  is  based  on  the  following 
equation: 


VA  - VMIN  DLM 


» 


where  Vmin  dkm  is  the  minimum  demonstrated  speed  with  flaps  retracted  or  a lesser 
speed  based  on  a rational  selection  of  Clmax  *or  structural  design.  This  criterion  is 
intended  to  comply  with  TAS  [FAR  25.335(c)]. 

DESIGN  ST  .Lb  FOR  MAXIMUM  GUST  INTENSITY 

The  design  speed  for  maximum  gust  intensity,  Vf$,  is  established  in  the  subsonic  regime 
in  accordance  with  FAR  25.335(d)  and  TAS  [FAR  25.335(d)].  The  Vg  concept  is  not 
used  for  supersonic  flight  where  slowdown  or  gust  avoidance  may  not  be  operationally 
feasible. 

DESIGN  GROSS  WEIGHT 

The  variation  of  maximum  flight  weight  with  altitude  is  shown  in  figure  8-9.  Other 
pertinent  gross  weights  are  shown  below: 


Condition 

Weight, 

lb 

Maximum  fligl  t weight 

743,000 

Maximum  zero  fuel  weight 

407,246 

Minimum  weight  and  ballast 

346,340 

Maximum  takeoff  weight 

748.000 

Maximum  landing  weight 

480,000 

FLAP  DEFLECTIONS 


The  leading  and  trailing  edge  flap  deflections  for  various  stages  of  flight  are  defined  in 
table  8-7  and  the  location  of  these  flaps  is  shown  in  figure  8-10. 

CONTROL  SURFACE  DEFLECTIONS 

The  elevator  is  mechanically  geared  to  the  stabilizer  for  longitudinal  control  throughout 
the  airplane  operational  envelope.  The  deflection  relationship  between  the  two  screes 
is  shown  in  figure  8-11.  All  three  segments  of  the  rudder  are  operable  for  takeoff, 
climb-out  and  landing  configurations.  Deflection  of  the  upper  segment  to  its  maximum 
range  is  permitted  in  the  climb-out,  takeoff  and  landing  configurations  but  at  higher 
speeds,  the  upper  segment  is  locked  out.  Slot-deflector  spoilers  in  combination  with  the 
inboard  flaperons  provide  roll  control  throughout  the  airplane  opeiating  envelope.  Low 
speed  roll  control  is  augmented  by  the  outboard  flaperon. 

Available  control  surface  deflections  are  shown  in  figures  8-12  through  8-14. 

ENGINE  THRUST 

» he  maximum  installed  thrust  for  the  ATAT-1  engine  on  tin*  909-5 12B  are  shown 
* boiuw  These  data  are  based  on  a power  setting  of  2 ;(»K4  J6(l>  on  a standard  day, 

except  at  Mach  2.9  where  the  maximum  power  setting  is  assumed  to  he  3.2. 


333 


J 


✓ 


■i 

& 

~ ... 


Mach  No. 

Altitude, 

ft 

Installed  Thrust  Per 
Engine,  lb 

0 

0 

56.767 

0.6 

5,000 

54,028 

°.9 

25,000 

36,000 

1.2 

35,000 

30,600 

1.6 

40.000 

31,421 

2.0 

45,000 

36,329 

2.2 

45,000 

42,751 

2.7 

60,000 

29.336 

2.9 

60,000 

23,040 

MANEUVER  AND  GUST  CRITERIA 
SYMMETRICAL  MANEL  VERS 

Flight  loads  for  symmetrical  balanced  maneuvers  are  established  within  the 
maneuvering  envelope  in  accordance  with  FAR  25.333,25.337  and  25.345.  Except  as 
limited  by  maximum  design  lift  coefficients,  the  design  limit  load  factors  are  as  follows: 


Positive  Limit 

Negative  Limit 

Load  Factor 

Load  Factor 

All  speeds  up  to  V<- 

2.5 

-1.0 

At  VD 

2.5 

0.0 

Flaps  Down  Conditions 

2.0 

0.0 

The  airplane  is  assumed  to  be  in  equilibrium  with  zero  pitching  acceleration.  The 
effecti  of  pitching  velocity  are  accounted  for  in  the  analysis.  The  airplane  is  analyzed 
for  maneuvers  a ill  points  on  or  within  the  maneuver  envelope  for  both  maximum  and 
minimum  gross  ' ’gilts  at  the  appropriate  altitude. 

PITCHING  MANEUVERS 

The  following  maneuvers  are  considered  to  satisfy  the  requirements  of  FAR  25.331(c). 

1.  Maximum  Stabilizer  Displacement-The  airplane  is  assumed  to  be  flying  in  a 
steady  level  flight  attitude  at  speeds  from  to  Vp  and  the  pitch  control  is 
*udde..!j  deflected  »n  an  up  or  down  direction  at  the  maximum  rate  available  to  v 
deflection  consistent  with  pilot  effort. 

2.  Checked  Maneuvers-The  airplane  is  assumed  to  be  subjected  to  checked  maneuvers 
for  balanced  conditions  at  any  load  factor  within  the  design  maneuver  envelope 
and  at  ail  speeds  between  and  Vp.  The  elevators  are  checked  be  ;k  to  a position 
such  that  the  airplane  pitching  accelerations  meet  or  exceed  the  requirements  of 
FAR  25.331(c). 


MANEUVER  ENVELOPES 

i 

Maneuver  envelopes  for  typical  altitudes  and  the  maximum  flight  weight  are  shown  in 

figures  8-15  through  8-21.  ! 

YAWING  MANEUVERS 

i 

i 

Loads  due  to  yawing  maneuvers  are  established  in  compliance  with  FAR  25.351.  The 
following  conditions  are  considered: 

i 

1 . From  a condition  of  steady  level  flight  at  zero  sideslip,  displace  the  rudder  control 

to  the  maximum  position  as  limited  by  stops,  boost  capacity  or  pedal  force.  j 

2.  With  the  rudder  control  displaced  as  in  (1),  allow  the  airplane  to  yaw  to  a 
maximum  sideslip  angle. 

i 

3.  With  the  airplane  yawed  to  the  sideslip  angle  consistent  with  (2),  return  the 

rudder  abruptly  to  neutral.  ; 

\ 

4.  With  the  airplane  yawed  to  the  static  sideslip  angle  consistent  with  the  control 

displacement  in  (1),  return  the  rudder  control  abruptly  to  the  maximum  value  in  j 

the  opposite  direction.  j 

GUST  LOADS 

* 

Loads  due  to  both  vertical  and  lateral  gust  are  computed  at  all  speeds  and  altitudes  on 
and  within  the  flight  envelope  in  compliance  with  FAR  25.341  and  25.35hb).  Use  is 
made  of  the  revised  gust  load  formula  in  computing  airplane  load  factors  due  to  gusts. 

The  design  airspeed  for  maximum  gust  intensity,  Vg,  is  not  considered  at  supersonic 
speeds.  The  magnitudes  of  the  design  gust  vclocit’es  considered  at  various  design  speeds 
are  shown  in  figure  8-22.  These  gust  velocities  are  n.  compliance  with  FAR  25.341  and 
TAS  [FAR  25.341]. 


^ LANDING,  TAXI  AND  GROUND  HANDLING  LOADS  CRITERIA 

LANDING  IMPACT 

Design  landing  impact  loads  were  determined  for  the  Boeing  2707-300  airplane  using  a 
dynamic  analysis  which  included  the  significant  elastic  modes  of  the  airframe,  rigid 
£ body  degrees  of  freedom  and  a representation  of  the  energy  absorption  characteristics  of 

the  landing  gear  shock  strut  and  tires.  Landing  impact  loads  for  the  969-5 12B  Arrow 
Wing  configuration  were  obtained  by  applying  the  toad  factors  obtained  for  the  2707- 
300  to  the  mass  distribution  of  the  Arrow  Wing.  Aerodynamic  forces  acting  during 
landing  impact  were  neglected.  The  distribution  of  fuselage  load  factors  used  is  shown 
in  figure  8-23. 
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TAXI  AND  GROUND  HANDLING  LOADS 

The  taxi  loads  are  computed  on  the  assumption  that  the  airplane  experiences  a 2g 
acceleration  at  the  center  of  gravity  while  taxiing.  This  requirement  meets  or  exceeds 
the  requirement  of  FAR  25.235.  The  ground  handling  loads  are  computed  in  compliance 
with  the  requirements  of  FAR  25.493,  25.495,  25.499,  25.503,  25.507  and  25.509.  In  all 
these  conditions,  the  external  loads  are  placed  in  equilibrium  with  the  linear  and 
angular  inertia  loads  in  a rational  manner 

AIRPLANE  DATA 

The  geometric  parameters  used  in  the  aeroelastic  loads  analysis  are  shown  in  table  8-8. 
The  sign  convention  for  aerodynamic  forces  and  moments  used  in  FLEXSTAB  is  shown 
in  figure  8-24  and  the  definition  of  geometry  and  forces  for  the  ground  load  conditions  is 
shown  in  figure  8-25. 

JIG  SOLUTION 

The  jig-shape  represents  the  stress-free  condition  for  the  aircraft  structure  and 
corresponds  to  a state  of  zero  applied  loads.  The  jig-shape  is  related  to  an  optimum 
cruise  shape  of  the  airplane  generally  taken  at  a point  midway  through  the  average 
mission.  The  desired  jig  shape  is,  then,  a function  of  the  loads  on  the  airplane  at  this 
cruise  condition,  and  the  stiffness  of  the  structure.  As  the  design  of  the  airframe 
progresses  through  the  various  design  cycles  to  meet  strength  and  stiffness 
requirements,  the  aeroelastic  loads  and  the  jig  shape  are  also  affected  and  must  be 
included  in  the  iterative  loop. 

The  analysis  of  design  loads  is  based  on  the  camber  slopes  for  this  jig  shape.  On  the 
other  hand,  the  performance  of  the  configuration  is  optimized  for  a shape  corresponding 
to  a particular  flight  condition-normally,  a mid-cruise  condition.  Before  calculating 
design  loads,  therefore,  the  jig  shape  must  be  computed  from  the  shape  defined  for  use 
in  the  performance  calculations. 

The  jig  shape  is  obtained  by  calculating  the  trimmed  loads  for  the  mid-cruise  design 
condition,  with  the  airplane  treated  as  a rigid  body.  The  resulting  loads  are  then 
applied  to  a flexible  airplane  and  the  increments  of  camber  end  displacement  due  to  this 
loading  are  subtracted  from  those  defined  for  the  design  condition  to  yield  the  jig  shape. 
The  design  point  at  mid-cruise  chosen  for  the  Arrow  Wing  is  shown  in  figure  8-26.  The 
wing  and  body  vertical  displacements  from  the  jig  shape  in  the  mid-cruise  design 
condition  are  shown  in  figure  8-27. 

DESIGN  LOAD  CONDITIONS 

Analysis  conditions  were  selected  on  and  within  the  maneuver  envelope  to  cover  the 
complete  range  of  Mach  numbers,  design  speeds  and  load  factors.  Maximum  flight 
weight  at  the  appropriate  altitude,  and  maximum  zero  fuel  weight  plus  reserve  fuel, 
were  considered  for  all  maneuver  conditions.  In  addition,  the  minimum  flight  weight, 
which  occurs  in  the  ferry  flight  configuration,  was  considered  for  the  gust  conditions. 
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The  conditions  analyzed  comprised  the  following: 

1.  Symmetric,  balanced  maneuvers  at  maximum  flight  weight 

2.  Symmetric,  balanced  maneuvers  at  maximum  zero  fuel  weight  plus  reserve  fuel 

3.  Design  vertical  gusts  at  maximum  flight  weight 

4.  Design  vertical  gusts  at  the  ferry  flight  weight 

5.  Checked  and  unchecked  elevator  maneuvers  as  specified  in  FAR  25.331(c) 

6.  Design  lateral  gusts  at  the  maximum  flight  weight 

7.  Rudder  maneuvers  as  specified  in  FAR  25.351(a) 

8.  Landing  impact 

9.  Taxi 

10.  Ground  handling  as  specified  in  FAR  25.471  through  25.509. 

The  analysis  conditions  considered  are  listed  in  tables  8-9  and  8-10  and  the  critical 
design  condition  are  shown  in  table  8-11.  A description  of  the  condition  number  code  is 
shown  in  figure  8-28.  Envelopes  of  design  shear  force,  bending  moment  and  torsion 
about  the  axis  shown  in  figure  8-29  for  symmetrical  flight  conditions  are  shown  in 
figures  8-30,  8-31  and  8-32  for  the  wing,  and  figures  8-33  and  8-34  for  the  body. 
Table  8-10  presents  the  gear  loads  in  the  ground  conditions  and  figures  8-35  and  8-36 
the  forward  body  shear  force  and  bending  moment  for  landing  impact. 

CRITICAL  LOAD  CONDITION  SUMMARY 

The  net  loads  at  the  structural  nodes  retained  in  the  generation  of  the  flexibility  matrix 
are  shown  in  tables  8-12  and  8-13  for  those  design  conditions  that  were  passed  on  to  th^ 
ATLAS  stress  module.  These  loads  are  presented  in  the  form  of  two  matrices.  The  first 
matrix  contains  the  loads  for  symmetrical  maneuvers  and  the  symmetrical  part  of  the 
lateral  gust  and  rudder  maneuver  loads.  The  second  contains  the  asymmetrical  loads  in 
the  lateral  gust  and  rudder  maneuver  conditions. 

Each  row  of  these  matrices  represents  the  load  in  a particular  direction  at  a particular 
retained  node  and  each  column  corresponds  to  a particular  load  condition.  The  direction 
of  the  load  and  the  node  at  which  it  is  applied  is  identified  in  the  left  hand  margin  of 
tables  8-12  and  8-13,  and  the  load  cases  represented  by  each  column  are  identified  in 
table  8-11. 
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Table  8- 1.— Boeing  Program  to  Improve  Efficiency  and  Reliability  of  Meroelastic  Loads  Analysis 


Reason  for  modification  | 

i 

Addition  of  capability  to  cycle  through  multiple  load  cases 

Improved 

Improved 

for  balanced  maneuvers  or  unit  solutions 

efficiency 

capability 

For  unit  solutions  on 

a,  &,  q.  6.  i>.  k 6e,  6r.  6a.  Vtas.  THRUST. 
ALTITUDE  and  ATTITUDE 

• 

For  balanced  maneuvers  on: 

n,  q .9 . VTAS,  Ude.  THRUST  and  ALTITUDE 

• 

Added  capability  to  generate  rigid  and  flexible  solutions  in  one  computer 
run 

• 

Capability  to  select  the  degrees  of  freedom  retained  at  the  structural  nodes 

• 

• 

Addition  of  the  static  gust  solution  based  on  the  revised  gust  Irad  formula 

• 

Addition  of  the  capability  to  superimpose  an  externally  generated  pressure 
distribution  on  that  computea  by  FLEXSTAB  (nacelles,  for  example) 

• 

Added  capability  to  generate  in  FLEXSTAB  the  airloads  and  the  inertia 
loach  at  the  nodes  separately 

• 

Added  capability  to  specify  load  factor  rather  than  pitch  rate  for  balanced 
maneuvers 

• 

• 

Added  capability  to  put  user  specified  matrices  on  theFLEXSTABoutput  tape 

• 

Print  out  the  equivalent  airspeed  and  Cw  in  SD&SS 

• 

Develop  interfaces.  ATLAS  -*>  FLEXSTAB  and  FLEXSTA8  -►ATLAS 

• 

’Develop  a program  (VAMAT)  providing  the  capability  to  generate  net 
shear,  moment,  and  torsion  along  wing,  body,  and  horizontal  tail  in 
user-specified  cross  sections  (using  FLEXSTAB  tape  output) 

• 

’Develop  a program  (VMTSCM)  providing  the  capability  to  scan  through 
the  loads  and  select  critical  loads 

• 

• 

’Develop  a plotting  program  providing  plots  of  shear,  moment,  and 
torsion  along  wing,  body,  and  horizontal  tail 

• 

• 

"These  programs  are  not  part  of  the  FLEXSTAB  program. 
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Table  8-2.—FLEXSTAB  Aerodynamic  Panel  Definition 


Body  24  Panels 


Panel 

edge 

Panel 

edge 

Panel  Corner  Point  Coordinates 

BL 

BL 

BS 

BS 

BS 

BS 

inboard. 

outboard. 

inboard 

inboard 

outboard 

outboard 

LE. 

TE. 

LE. 

TE. 

In. 

In. 

In. 

In. 

In. 

In. 

0. 

8.6560 

217.5 

336.0180 

217.5 

336.0180 

0. 

30.3478 

336.0180 

514.6620 

336.0180 

514.6620 

0. 

48.7175 

514.6620 

663.2429 

514.6620 

663.2429 

0 

58.3415 

663.2429 

811.8239 

663.2429 

811.8239 

o 

60. 

811.8239 

960.4049 

811.8239 

960.4049 

0. 

60. 

960.4049 

1 108.9859 

960.4049 

1108.9859 

0. 

60. 

1108.9859 

1257.5668 

1 108.9859 

1257.5668 

0. 

60. 

1257.5668 

1406.1478 

1257.5668 

1406.1478 

0. 

60. 

1406.1478 

1554.7288 

1406.1478 

1554.7288 

0. 

60. 

1554.7288 

1703.3098 

1554.7288 

1703.3098 

0. 

60. 

1703.3098 

1851.8907 

1703.3098 

1851.8907 

0. 

60. 

1851.8907 

2000.4717 

1851.8907 

2000.4717 

0. 

60. 

2000.4717 

2149.0527 

2000.4717 

214$  527 

0. 

60. 

2149.0527 

22976337 

2149.0527 

2297.6337 

0. 

60 

2297.6337 

2446.2146 

2297.6337 

2446.2146 

0. 

60. 

2446.2146 

2594  7956 

2446.2146 

2594.7956 

0, 

60. 

2594.7956 

27433766 

2594.7956 

2743.3766 

0. 

60. 

2743,2766 

2891.9576 

2743.3766 

2891.9576 

0. 

60. 

2891.9576 

3040.5385 

2891.9576 

3040.5385 

0. 

60. 

3040.5385 

3189.1195 

3040.5.:* 

3189.1195 

0. 

60. 

3189.1195 

3337.7005 

3189.1195 

337.7005 

0. 

60. 

3337.7005 

3486.2815 

3337.7005 

3486.2815 

0. 

60. 

3486.2815 

3634.8624 

3486.2815 

3634.8624 

0. 

60. 

3634.8624 

3783.4434 

3634.8624 

3783.4434 

Inboard  nacelle  4 panels 


\ ,nel 

Panel 

Panel  Corner  Point  Coordinates 

edge 

edge 

BL 

BL 

BS 

BS 

BS 

BS 

inboard. 

outboard. 

inboard 

inboard 

outboard 

outboard 

Lb, 

TE, 

LE. 

TE, 

In. 

In. 

In. 

In. 

In. 

In. 

256.9275 

257.0725 

2745.6249 

2872.1471 

2745.6249 

2872.1471 

256.9 

257.1 

2872.1471 

2998.6694 

2872.1471 

2998.6694 

256.9 

257.1 

2998.6694 

3125.1917 

2998.6694 

3125.1917 

256.9196 

257.0804 

3125.1917 

3251.7139 

3125.1917 

3251.7139 

Table  8-2.- Continued 


Outboard  nacelle  4 panels 


Panel 

edge 

Panel 

edge 

Panel  Corner  Point  Coordinates 

BL 

BL 

BS 

BS 

BS 

BS 

inboard. 

outboard. 

inboard 

inboard 

outboard 

outboard 

LE. 

TE. 

LE. 

TE. 

In. 

In. 

In. 

In. 

In. 

In. 

437.9275 

438.0725 

2763.4241 

2890.2223 

2763.4241 

2890.2223 

437.9 

438.1 

2890.2223 

3017.0206 

2890.2223 

3017.0206 

437.9 

438.1 

3017.0206 

3143.8189 

3017.0206 

3143.8189 

437.9196 

438.0725 

3143.8189 

3270.6171 

3143.8189 

3270.6171 

Fin 

1 2 panels 

Panel 

Panel 

Panel  Corner  Point  Coordinates  1 

edge 

edge 

WL 

WL 

BS 

BS 

BS 

BS 

lower. 

upper. 

inboard 

inboard 

outboard 

outboard 

LE. 

TE. 

LE. 

TE. 

In. 

In. 

In. 

In. 

In. 

In. 

460. 

578.8272 

3297.6182 

3376.5510 

3417.2162 

3463.5049 

460. 

578.8272 

3376.5510 

3455.4839 

3463.5049 

3509.7936 

460. 

578.8272 

3455.4839 

3534.4168 

3509.7936 

3556.0824 

460. 

578.8272 

3534.4178 

3613.3496 

3556.0824 

3602.3711 

460. 

578.8272 

3613.3496 

3666.6782 

3602.371 1 

3640.9926 

460. 

578.8272 

3666.6782 

3720.0069 

3640.9926 

3679.6142 

578.8272 

697.6545 

3417.2162 

3463.5049 

3536.8114 

3550.4590 

578.8272 

697.6545 

3463.5049 

3509.7936 

3550.4590 

3564.1035 

578.8272 

697.6545 

3509.7936 

3556.0824 

3564.1035 

3577.7480 

578.8272 

697.6545 

3556.0824 

3602.3711 

3577.7480 

3591.3926 

578.8272 

697.6545 

3602.371 1 

3640.9926 

3591.3926 

3615.3070 

578.8'>?2 

697.6545 

3640.9926 

3679.6142 

3615.3070 

3639.2215 

Table  8-2. -Continued 


Wing  fin  18  panels 


Panel 

edge 

Panel 

edge 

Panel  Corner  Point  Coordinates 

WL 

WL 

BS 

BS 

BS 

BS 

lower, 

upper. 

inboard 

LE. 

inboard 

TE. 

outboard 

LE. 

outboard 

TE. 

In. 

In. 

In. 

In. 

In. 

In. 

400. 

471.5 

2883.9991 

2921.6515 

3134.6796 

3155.7906 

400. 

471.5 

2921.6515 

2966.0297 

3155.7906 

3180.5726 

400. 

471.5 

2966.0297 

3010.4079 

3180.6726 

3205.5546 

400. 

471.5 

3010.4079 

3054.7861 

3205.5546 

3230.4366 

400. 

471.5 

3054.7861 

3099.1643 

3230.4366 

3255.3187 

400. 

471.5 

3099.1643 

3121.3534 

3255.3187 

3267.7597 

400. 

471.5 

3121.3534 

3143.5425 

3267.7597 

3280.2007 

400. 

471.5 

3143.5425 

3195.3550 

3280.2007 

3309.8117 

400. 

471.5 

3196.3550 

3240.3071 

3309.8117 

3334.4548 

400. 

471.5 

3240.3071 

3284.2592 

3334.4548 

3359.0979 

400. 

471.5 

3284.2592 

3336.1296 

3359.0979 

3388.1806 

400. 

471.5 

3336.1296 

3388.0000 

3388.1806 

3417.2634 

471.5 

543. 

3134.6796 

3180.6726 

3385.3602 

3395.3156 

471.5 

543. 

3180.6725 

3230.4366 

3395.3156 

3406.0873 

471.5 

543. 

3230.4366 

3267.7597 

3406.0873 

3414.1660 

471.5 

543. 

3267.7597 

3309.8117 

3414.1660 

3423.2684 

471.5 

543. 

3309.8117 

3359.0979 

3423.2684 

3433.9366 

471.5 

543. 

3359.0979 

3417.2634 

3446.5268 

Horizontal  tail  12  panels 


Panel 

edge 

Panel 

edge 

Panel  Corner  Point  Coordinates 

BL 

BL 

BS 

BS 

BS 

BS 

inboard. 

outboard. 

inboard 

inboard 

outboard 

outboard 

LE, 

TE, 

LE, 

TE, 

In. 

!n. 

In. 

In 

In. 

In. 

60. 

3321.4111 

3404.8060 

3455.7014 

3505.5237 

60. 

3404.8060 

3488.2008 

3505.5237 

3555.3460 

60. 

t*-*. 

3488.2008 

3571.5956 

3555.3460 

3605.1682 

60. 

1 jP. 

3671.5956 

3654.9905 

3605.1682 

3654.9905 

60. 

1 59.  ! 

3654.9905 

3719.2170 

3654.9905 

3695.3264 

60. 

159.  | 

3719.2170 

3783.4434 

3695.3264 

3735.6622 

159. 

257. 

3455.7014 

3505.5237 

3589.6353 

3605.2241 

159. 

257. 

3505.5237 

3555.3460 

3605.2241 

3621.8129 

159. 

257. 

3555.3460 

3605.1682 

3621.8129 

3638.4017 

159. 

257. 

3605.1682 

3654.9905 

3638.4017 

3654.9905 

159. 

257. 

3654.9905 

3695.3264 

3654.9905 

3671.6771 

159. 

257 

3695.3264 

3735.6622 

3671.6771 

3688.3637 
1 
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Table  8-2.-  Continued 
99  panels 


Panel 

edge 

Panel  Corner  Point  Coordinates 

BL 

BS 

BS 

BS 

BS 

outboard. 

inboard 

inboard 

outboard 

outboard 

IE. 

TE, 

LE, 

TE. 

In. 

In. 

In. 

In. 

In. 

159. 

1163.9763 

1327.2444 

1511.4087 

1645.5904 

159. 

1327.2444 

1490.5124 

1645.5904 

1779.7996 

159. 

1490.5124 

1778.4599 

1779.7996 

2009.8897 

159. 

1778.4599 

2066.4074 

2009.8897 

2239.9798 

159. 

2066.4074 

2354.3550 

2239.9798 

2470.0698 

159. 

2354.3550 

2642.3025 

2470.0698 

2700.1599 

159. 

2642.3025 

2786.2762 

2700.1599 

2815.2500 

159. 

2786.2762 

2930.2500 

2815.2500 

2930.2500 

159. 

2930.2500 

2990.2500 

2930.2500 

2990.2500 

159. 

2990.2500 

3070.5647 

2990.2500 

3069.7104 

159. 

3070.5647 

3150.8794 

3069.7104 

3149.1709 

257. 

1511.4087 

1645.5904 

1855.3317 

1960.7208 

257. 

1645.5904 

1779.7996 

1960.7208 

2066.1646 

257. 

1779.7996 

2009.8897 

2066.1646 

2238.9817 

257. 

2009.8897 

2239.9798 

2238.9817 

2411.7988 

257. 

2239.9798 

2470.0698 

2411.7988 

2584.6158 

257. 

2470.0698 

2700.1599 

2584.6158 

2757.4329 

257. 

2700.1599 

2815.2500 

2757.4329 

2843.8415 

257. 

2815.2500 

2930.2500 

2843.8415 

2930.2500 

257. 

2930.2500 

2990.2500 

2930.2500 

2990.2500 

257. 

2990.2500 

3069.7104 

2990.2500 

3068.8648 

257. 

3069.7104 

3149.1709 

3068.8648 

3147.4796 

348. 

1855.3317 

1960.7208 

2174.6888 

2253.3820 

348. 

1960.7208 

2066.1646 

2253.3820 

2332.0751 

348. 

2066.1646 

2238.9817 

2332.0751 

2457.6018 

348. 

2238.98177 

2411.7988 

2457.6018 

2583.1286 

348. 

2411.7988 

2584.6158 

2582.1286 

2708.6553 

348. 

2584.6158 

2757.4329 

2708.6553 

2834.1821 

348. 

2757.4329 

2843.8415 

2834.1821 

2896.9454 

348. 

2843.8415 

2930.2500 

2896.9454 

2959.7088 

348. 

2930.2500 

2990.2500 

2959.7088 

3016.0960 

348. 

2990.2500 

3068.8648 

3016.0960 

3087.1142 

348. 

3068.8648 

3147.4796 

3087.1142 

3158.1324 

438. 

2174.6888 

2253.3820 

2461.1081 

2503.2549 

438. 

2253.3820 

2332.0751 

2503.2549 

2545.4017 

438. 

2332.0751 

2457.6018 

2545.4017 

2634.0901 

438. 

2457.6018 

2583.1286 

2634.0901 

2722.7785 

438. 

2583.1286 

2708.6553 

2722.7785 

2811.4670 

438. 

2708.6553 

2834.1821 

2811.4670 

i 2900.1554 

438. 

2834.1821 

2896.9454 

2900.1554 

i 2944.4996 

438. 

2896.9454 

2959.7088 

2944.4996 

! 2988.8438 

438. 

2959.7088 

3016.0960 

l 2988.8438 

! 3041.6580 

438. 

3016.0960 

3087.1142 

3041.6580 

3105.1631 

438. 

3087.114? 

L 31 58. 1324 

3105.1631 

3168.6682 

Table  8-2.  —Continued 


Panel 

edge 

Panel 

edge 

Panel  Corner  Point  Coordinates 

BL 

BL 

BS 

BS 

BS 

BS 

inboard. 

outboard, 

inboard 

LE. 

inboard 

TE. 

outboard 

LE. 

outboard 

TE. 

In. 

In. 

In. 

In. 

In. 

In. 

438. 

514. 

2461.1081 

2503.2549 

2672.7764 

2703.2506 

438. 

514. 

2503.2549 

2545.4017 

2703.2506 

2733.7248 

438. 

514. 

2545.4017 

2634.0901 

2733.7248 

2800.3248 

438. 

514. 

2634.0901 

2722.7785 

2800.2348 

2866.7447 

438. 

514. 

2722.7785 

2811.4670 

2866.7447 

2933.2547 

438. 

514. 

2811.4670 

2900.1554 

2933.2547 

2999.7646 

438. 

514. 

2900.1554 

2944.4996 

2999.7646 

3033.0196 

438. 

514. 

2944.4996 

2988.8438 

3033.0196 

3066.2746 

438. 

514. 

2988.8438 

3041.5580 

3066.2746 

3119.0880 

438. 

514. 

3041.6580 

3105.1631 

3119.0880 

3172.8063 

438. 

514. 

3105.1631 

3168.6682 

3172.8063 

3226.5182 

514. 

589.84 

2672.7764 

2703.2506 

2883.9991 

2902.8253 

514. 

589.84 

2703.2506 

2733.7248 

2902.8253 

2921.6515 

514. 

589.84 

2733.7248 

2800.2348 

2921.6515 

2966.0297 

514. 

589.84 

2800.2348 

2866.7447 

2966.0297 

3010.4079 

514. 

589.84 

2866.7447 

2933.2547 

3010.4079 

3054.7861 

514. 

489.84 

2933.2547 

2999.7646 

3054.7861 

3099.1643 

514. 

589.84 

2999.7646 

3033.0196 

3099.1643 

3121.3534 

514. 

589.84 

3033.0196 

3066.2746 

3121.3534 

3143.5425 

514. 

589.84 

3066.2746 

3119.0880 

3143.5425 

3196.3550 

514. 

589.84 

3119.0880 

3172.8063 

3196.3550 

3240.3071 

514. 

589.84 

3172.8063 

3226.5182 

3240.3071 

3284.2465 

589.84 

658. 

2883.9991 

2903.8253 

3001.8095 

3020.7588 

589.84 

658. 

2902.8253 

2921.6515 

3020.7588 

3039.7081 

589.84 

658. 

2921.6515 

2966.0297 

3039.7081 

3073.9289 

589.84 

658. 

2966.0297 

3010.4079 

3073.9289 

3108.1499 

589.84 

658. 

3010.4079 

3054.7861 

3108.1499 

3142.3708 

589.84 

658. 

3054.7861 

3099.1643 

3142.3708 

3176.5917 

589.84 

658. 

3099.1643 

3121.3534 

3176.5917 

3193.7022 

589.84 

658. 

3121.3534 

3143.5425 

3193.7022 

3210.8126 

489.84 

658. 

3143.5425 

3202.9365 

3210.8126 

3256.6125 

589.84 

658. 

3202.9365 

3243.5978 

3256.6125 

3296.3799 

589  84 

658. 

3243.5978 

3284.2465 

3296.3799 

3335.1288 

658. 

727. 

3001.8095 

3020.7588 

3121.0718 

3140.1458 

658. 

727. 

3020.7588 

3039.7081 

3140.1458 

3159.2197 

658. 

727. 

3039.7081 

3073.9289 

3159.2197 

3183.1581 

658. 

727. 

3073.9289 

3108.1499 

3183.1581 

3207.0965 

658. 

727. 

3108.1499 

3142.3708 

3207.0965 

3231.0350 

658. 

727. 

3142.3708 

3176.5917 

3231.0350 

3254.9734 

658. 

727. 

3176.5917 

3193.7022 

3254.9734 

3266.9426 

658. 

727. 

3193.7022 

3210.8126 

3266.9426 

3278.9118 

658. 

727. 

3210.8126 

3256.6125 

3278.9118 

3310.9500 

Table  8-2.-Concluded 


Panel 

edge 

Panel 

edge 

Panel  Corner  Point  Coordinates 

BL 

BL 

BS 

BS 

BS 

BS 

inboard. 

outboard. 

inboard 

inboard 

outboard 

outboard 

LE. 

TE, 

LE. 

TE. 

In. 

In. 

In. 

In. 

In. 

In. 

658. 

727. 

3256.6125 

3296.3799 

3310.9500 

3349.8124 

658. 

727. 

3296.3799 

3336.1288 

3349.8124 

3388.6505 

727. 

795. 

3121.0718 

3140.1458 

3238.6056 

3257.8024 

727. 

795. 

3140.1458 

3159.2197 

3257.8024 

3276.9992 

727. 

795. 

3159.2197 

3183.1581 

3276.9992 

3290.8042 

727. 

795. 

3183.1581 

3207.0965 

3290.8042 

3304.6091 

727. 

795. 

3207.0965 

3231.0350 

3304.6091 

3318.4141 

727. 

795. 

3231.0350 

3254.9734 

3318.4141 

3332.2190 

727.  | 

795. 

3254.9734 

3266.9426 

3332.2190 

3339.1215 

727.  | 

795.  j 

3266.9426 

3278.9118  j 

3339.1215 

3346.0240 

727. 

795.  ( 

3278.9118 

3320.9500 

3346.0240 

3364.5000 

727. 

795.  1 

3310.9500 

3349.8124 

3364.5000 

3402.4706 

727. 

795.  1 

1 

3349.8124  j 

3388.6505 

3402.4706 

3440.4111 
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7a6/e  8-3.- Design  Envelope  Points 


Maximum 

operating 

speed 


Design 

dive 

speed 


Dynamic 

Altitude, 

V 

Mach 

pressure. 

ft 

kn 

number 

psf 

0 

350 

0.53 

415 

29  000 

350 

0.95 

415 

46  500 

475 

1.96 

765 

60  000 

475 

2.?0 

765 

0 

420 

0.64 

505 

26  000 

420 

1.07 

595 

40  500 

545 

1.94 

1 005 

57  200 

545 

2.90 

1 005 

7a6/e  8-4.- Flap  Placard  Speeds 


VMIN  DEM 

VF  ‘ 16VMIN  DEM 

VF  “ 18VMIN  DEM 

KEAS 

KEAS 

KEAS 

Max  take-off 


Max  landing 


Table  5-5*- Design  Maneuvering  Speeds  for  Positive  and  Negative  Maneuver: 


Altitude 

ft 

VA 

KEAS 

VH 

KEAS 

0 

266 

193 

10  000 

268 

198 

20  000 

275 

198 

22  500 

278 

201 

25  000 

282 

201 

27  500 

288 

202 

30  000 

289 

205 

32  500 

294 

206 

35  000 

300 

208 

37  500 

312 

210 

40  000 

385 

214 

50  000 

516 

-?5 

60  000 

509 

6 

70  000 

I i 

j 371 

Note:  1 ) Above  40  000  ft  = Vq 

2)  These  airspeeds  were  obtained  from  the  intersection 

of  the  C,  and  C,  curve^  with  the  design  load 
lMAX  lMIN 


factors 


Table  8-6.  -Calculation  of  Design  Speed  for  Maximum  Gust  Intensity 


Maximum  Flight  Weight 


Altitude. 

ft 

Gross 

Weight 

10^lb 

^min  detn. 
KEAS 

ngust 

atVc 

v.Q> 

min  req'd, 
KEAS 

vj z> 

min  req'd, 
KEAS 

VB 

selected. 

KEAS 

0 

743 

163 

1.68 

211 

200 

300 

10000 

728 

164 

1.78 

219 

207 

300 

20  000 

721 

165 

1.82 

223 

216 

300 

25  000 
30  000 

716.65 

711.5 

166 

1.82 

224 

222 

300 

35  000 
40  000 

703.35 

693.5 

167 

1.92 

231 

227 

300 

Minimum  Flight  Weight 


0 

376.34 

117 

2.0 

165 

146 

10  000 

376.34 

117 

2.17 

173 

150 

20000 

376.34 

117 

2.32 

179 

156 

25  000 

376.34 

117 

2.31 

1/8 

157 

30  000 

376.34 

117 

2.34 

1*  J 

159 

35  COO 

376.34 

118 

270 

:*4 

192 

40  000 

376.34 

119 

2.54 

189 

148 

E>VB. 

E>v„= 


^min  derm/*\j 

Intersection  of  C. 

lMAX  DEM 


and  gust  load  factor  curve 


348 


} 


S 


* . 


* ^ 


- 


Table  8-7  —Flap  Settings  fnr  the  969-51 2B 


•'  I 


» 


I 


V 


Flight  condition 

Trailing  edge  | 1 ^ 
deflection,  deg 
Inboard  -outboard 

Leading  edge}  1 ^ 
deflection,  deg 
1 nboard  -ou  tboard 

Takeoff  and  landingf~2~^ 

20/20/20 

30/60 

M = 0.3-»M  = 0.95 

0/5/5 

0/20 

M = 0.95-*M  = 1.20 

0/0/0 

0/20 

M>1.20 

0/0/0 

0/0 

Note:  Deflection  angles  are  perpendicular  to  the  hinge  line. 


laps  Down  Configuration.  All  other  configurations  are 


designed  to  full-flaps-up  load  factors. 


t 


& 


» 


» 


349 


NV  ^fpawMH 


Table  8-8.— Geometric  Constants 


Wing 


Reference  area 

9848 

h2 

Aspect  ratio 

178 

LE  sweep 

74/70.5/60 

deg 

Root  chord 

1881.1 

in. 

Tip  chord 

204.0 

in. 

Reference  c.'.ord 

1187.0 

in. 

Span 

1590.0 

in. 

Wing  fin 

Reference  area  per  side 

287 

Aspect  ratio 

0.493 

LE  sweep 

74.5 

deg 

Root  chord 

510.0 

in. 

Tip  chord 

69.0 

in. 

Reference  chord 

343.0 

in. 

Span 

143.0 

in. 

Vertical  stabilizer 

Reference  area 

449 

fr 

Aspect  ratio 

0.848 

LE  sweep 

51.0 

deg 

Root  chord 

445.0 

in. 

Tip  chord 

107.0 

in. 

Reference  chord 

311.0 

in. 

Horizontal  stabilizer 

Reference  area 

600 

ft^ 

Aspect  ratio 

1.32 

LE  sweep 

54.0 

deg 

Root  chord 

414.0 

in. 

Tip  chord 

102.0 

in. 

Reference  chord 

289.0 

in. 

Span 

338.0 

in. 

360 


Table  8-9 . -Analysis  Conditions 


Balanced  Symmetric  Maneuvers  at  Maximum  Flight  Weight 


Condition  number* 

Airspeed, 

KEAS 

Altitude. 

ft 

Gross  weight. 
10001b 

0.4-01  06-0700E 

236 

6300 

743 

0.4-01-06- 06- 20E 

236 

6300 

743 

0.4-0 1-02-05-0OE 

275 

-2100 

743 

0.4-0, -02-05-20E 

275 

-2100 

743 

0.6-01-32-07  1NE 

206 

31900 

732 

0.6-01-19-06- 25E 

274 

18900 

732 

0.6-01-07-03- 1NE 

350 

6700 

732 

0.6-01-07-03-25E 

350 

6700 

732 

0.6-01-03-04  00E 

420 

-3100 

732 

0.6-01 -03-04- 25E 

420 

-3100 

732 

0.9-01-46-07-1NE 

220 

46500 

717 

0.9-01 -34-06- 25E 

297 

33800 

717 

0.9-01-26- 03-1NE 

350 

26500 

717 

0.9-01 -26- 03-25E 

350 

26500 

717 

0.9-01  18-04-00E 

420 

17800 

717 

0.9-01-1 8-04-25 E 

420 

17800 

717 

1.2-01  52-07-1NE 

255 

52100 

703.5 

1. 2-01-39- 06-25E 

349 

39200 

703.5 

1. 2-01-25- 03-1NE 

389 

34600 

703.5 

1. 2-01-35-03- 25E 

389 

34600 

703.5 

1.2-01-29-04  00E 

445 

28800 

703.5 

1.2-01-29-04-25E 

445 

28800 

703.5 

1.6-01 -54-07-1  NE 

327 

53700 

694 

1.6-0 1-4 2-06- 25 E 

435 

41900 

694 

1.6-01-41-03*1  NE 

439 

41500 

694 

1.6-01  41-03-25E 

439 

4 1500 

694 

1.6-01 -36-04-00 E 

503 

35600 

694 

1. 6-0 1-36- 04* 25 E 

503 

35600 

694 

2.0-01-58-07-1  NE 

368 

58200 

682 

2.0-01-48-03- 1NE 

475 

47700 

682 

2.0-01-48-03- 25C 

475 

47700 

682 

2.0-01 -42  04- 00 E 

545 

41900 

682 

2.0-01-42-04-25E 

545 

41900 

682 

2.2-01-61 -07- 1NE 

380 

60900 

682 

2.2*01*52-03*  1NE 

475 

51600 

682 

2.2-01-52  03-25E 

475 

51600 

682 

2. 2-0 1-46- 04-00 E 

545 

46000 

682 

2.2-01 -46-04-25E 

545 

46000 

683 

2.7*01-67  07*1  NE 

400 

67200 

657 

2.7-01-60-03-1  NE 

475 

00200 

657 

2.7-01-60-03- 25E 

475 

60200 

657 

2.7-01-54-04  00E 

545 

54200 

657 

2.7-01-54-04-25E 

545 

54200 

657 

2.9-01 -57O4-00E 

545 

57200 

657 

2.9-01-57-04  25E 

545 

57200 

657 

See  figure  8 28  for  code  description 


Table  8-9 . -Continued 

Balanced  Symmetric  Maneuvers  at  Minimum  Flight  Weight 


Condition  number* 

Airspeed. 

KEAS 

Altitude. 

ft 

Gross  weight, 
10001b 

0.4- 05- 06- 07-00 E 

236 

6300 

464.9 

0.4- 05-06- 06* 20 E 

236 

6300 

464.9 

0.4- 05- 02- 05-00 E 

275 

-2100 

464.9 

0.4-05-02- 05- 20E 

275 

-2100 

464.9 

0.6-05-32-07-1  NE 

206 

31900 

464.9 

0.6-05- 19-06-25E 

274 

18900 

464.9 

0.6-05-07-03-1  NE 

350 

6700 

464.9 

0.6-05-07-03-25E 

350 

6700 

464.9 

0.6-05- 03-04-00E 

420 

-3100 

464.9 

0.6-05- 03- 04- 25 E 

420 

-3100 

464.9 

0.9-G5-46-07-1NE 

220 

46500 

464.9 

0.9-05- 34- 06- 25 E 

297 

33800 

464.9 

0.9-05-26-03- 1NE 

350 

26500 

464.9 

0.9-05-26-03- 25 E 

350 

26500 

464.9 

0.9-05- 1&04  00E 

420 

17800 

464.9 

0.9-05- 18-04-25E 

420 

17800 

464.9 

1.2-05-52-07-1  NE 

255 

52100 

464.9 

1.2-05- 39- 06-25E 

349 

39200 

464.9 

1.2-05-35-03-1  NE 

389 

34600 

464.9 

1. 2-05-35-03- 25E 

389 

34600 

464.9 

1.2-05- 29- 04-00 E 

445 

28800 

464.9 

1.2-05- 29-04- 25E 

445 

28800 

464.9 

1.6-05-54-07-1  NE 

327 

53700 

464.9 

1.6-05-42  06-25E 

435 

41900 

464.9 

1.6-05-41-03-1  NE 

439 

41500 

464.9 

1. 6-05-4 1-03-25E 

439 

41500 

464.9 

1.6-05-36  04-00E 

503 

35600 

464.9 

1. 6-05-36- 04-25E 

503 

35600 

464.9 

2.0-05- 58-07-1NE 

368 

58200 

464.9 

2.0-05-48-03-1  NE 

475 

47700 

464.9 

2. 0-05-48- 03- 25 E 

475 

47700 

464.9 

2. 0-05-4 2- 04- 00 E 

545 

41900 

464.9 

2.0-05-4 2-04- 25 E 

545 

41900 

464.9 

2.2-05-61  -07-1  NE 

380 

60900 

464.9 

2.2-05-52-03  1NE 

475 

51600 

464.9 

2.2-05-52-03-25E 

475 

51600 

464.9 

2.2-05-46-0400E 

545 

46000 

464.9 

2. 2-05-46-04-  25E 

545 

46000 

464.9 

2.7-05-67-07-1  NE 

400 

67200 

464.9 

2.7-05*60-03-1  NE 

475 

60200 

464.9 

2.7  05-60- 03-25E 

475 

60200 

464.9 

2. 7 -05- 54- 04- 00 E 

545 

54200 

464.9 

2.7-05- 54-04-25E 

545 

54200 

464.9 

2. 9-05- 57-04- 00 E 

545 

57200 

464.9 

2.9-05-57-04-25E 

545 

57200 

464.9 

*Srte  figure  8-^8  for  code  description 


Table  8-9 Continued 


Vertical  Gusts  at  Maximum  Flight  Weight 


Condition  number* 

Airspeed. 

KEAS 

Altitude, 

ft 

Gross  weight, 
10001b 

Gust  velocity 
ft/sec 

Load  factor 

0.4-01  *02*1 5-01 E 

275 

-2100 

743 

25 

1.253 

0.4-01-02-25*01  E 

275 

-2100 

743 

-25 

0.747 

0.6-01-15-12-01E 

300 

14800 

732 

66 

1.873 

0.6-0M  5-22-01 E 

300 

14800 

732 

-66 

0.127 

0.6-01 -07-1 3-01 E 

350 

6700 

732 

50 

1.712 

0.6-01-07  23-0 IE 

350 

6700 

732 

-50 

0.288 

0.6-01-03-14-01  E 

420 

-3100 

732 

25 

1.382 

0.6-01-03-24-01  E 

420 

-3100 

732 

-25 

0.618 

0.9-01-33-12-01  E 

300 

33400 

717 

51.9 

1.850 

0.9-01-33*22-01  E 

300 

33400 

717 

-51.9 

0.150 

0.9-01  26-1 3-01 E 

350 

26500 

717 

44.6 

1.805 

0.9-01-26-23  DIE 

350 

26500 

717 

-44.6 

0.196 

0.9-01  18-14-01 E 

420 

17800 

717 

25 

1.501 

0.9-01-1 8-24-01 E 

420 

17800 

717 

-25 

0 499 

1.2-01-35-13-01  E 

389 

34600 

703.5 

46.1 

1.991 

1.2  01 -35-23-01 E 

389 

34600 

703.5 

-46.1 

0.009 

1.201-29-14-01  E 

445 

28800 

703.5 

21.4 

1.499 

2.7  02-60-13-01 E 

475 

60200 

657 

25.1 

1.623 

2.7-01-60*23  01 E 

475 

60200 

657 

-25.1 

0.377 

2.9-01-57-14-01  E 

545 

57200 

657 

11.2 

1.305 

2.9*01-57-24-01  E 

545 

57200 

657 

-11.2 

0.695 

Vertical  Gusts  at  Ferry  Condition  Gross  Weight 


Condition  number* 

Airspeed, 

KEAS 

Altitude, 

ft 

Gross  weight, 
10001b 

Gust  velocity, 
ft/sec 

Load  factor 

0.4-05-02-15-01  E 

275 

-2100 

434 

25 

1.367 

0.4-05-02-25-01  E 

275 

-2100 

434 

-25 

0.633 

0.6-05- 15-1 2-01 E 

30G 

14800 

434 

66 

2.349 

0.6-05-1 5-22-01 E 

300 

14800 

434 

-66 

-0.349 

0.6-05-07-1 3-01 E 

350 

6700 

434 

50 

2.095 

0.6-05-07-23-01  E 

350 

6700 

434 

-50 

-0.095 

0.6-05-03  14-01 E 

420 

-3100 

434 

25 

1.589 

0.6-05-03-24-01  E 

420 

-3100 

434 

-25 

0.411 

0.9-05-33  12  01 E 

300 

33400 

434 

51.9 

2.376 

0.9-05-33-22  01 E 

300 

33400 

434 

-51.9 

-0.376 

0.9-05-26-1 3-01 E 

350 

26500 

434 

44.6 

2.307 

0.9-05-26-23-01  E 

350 

26500 

434 

-44.6 

-0.307 

0.9-05*18-14-01  E 

420 

17800 

434 

25 

1.822 

0.9-05-1 8-24-01 E 

42C 

17800 

434 

-25 

0.178 

1.2-05-35*13-01  E 

389 

34600 

434 

46.1 

2.607 

1.205-35-23-01  E 

389 

34600 

434 

-46.1 

-0.607 

1.2  05-29  14-01  E 

445 

28800 

434 

21.4 

1.814 

1.2-05-29-24-01  E 

445 

28800 

434 

-21.4 

0.186 

2.7-05-60-13-01  E 

475 

60200 

434 

25.1 

1 976 

2.7-05-60-23-01  E 

475 

60200 

434 

-25.1 

0.024 

2.9-05  57-14-01  E 

545 

57200 

434 

11.2 

1.480 

2.9-05-57  24  01 E 

545 

57200 

434 

-11.2 

0.520 

*See  figure  8 28  for  code  description 
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Table  8 9 Concluded 


Elevator  Maneuvers 


Type  of  condition 

Airspeed, 

KEAS 

Altitude 

ft 

Gross  weight 
10001b 

Normal 

load 

factor 

Elevator 

angle. 

deg 

Pitch 

accel. 

rad/sec* 

Checked  maneuver 

548 

54200 

657 

2.5 

-4.01 

0 1779 

Checked  maneuver 

548 

54200 

657 

2.5 

17.92 

-0.1135 

Unchecked  maneuver 

297 

33800 

717 

1.0 

-45.0 

0.5733 

Rudder  Maneuvers 


Type  of  condition 

Airspeed. 

KEAS 

Altitude. 

ft 

Gross  weight. 
10001b 

Normal 

load 

factor 

Rudder 

angle. 

deg 

Sideslip 

angle. 

deg 

Maximum  rudder 

236 

6300 

743 

1.0 

30. 

0.0 

Steady  sideslip 

236 

6300 

743 

1.0 

30. 

17.9 

C ~k-hack 

236 

6300 

743 

1.0 

0 

17.9 

Lateral  Gusts 


Condit:jn  number* 

Airspeed. 

KEAS 

Altitude. 

ft 

Gross  weight, 
10001b 

Gust  velocity, 
fps 

0.9-01-33-12-01  L 

300 

33400 

717 

51.9 

0.9-01-2S-13-01  L 

350 

26500 

717 

44.6 

0.9-01-18-14-01  L 

420 

17800 

717 

25.0 

1.2  01  35- 13-OIL 

389 

34600 

703.5 

46.1 

1.2  01-29-14-01 L 

445 

28800 

703.5 

21.4 

#See  figure  8-28  for  code  description 


fable  6 9.— Concluded 


Body 


Body  station 
in  structural 
reference 
system 

Camber 

slope 

291.7905 

-0.0887049 

440.3715 

-0.0887049 

588.9524 

-0.0628078 

737.5334 

-0.0628078 

886.1144 

-0.0354145 

1034.6954 

-0.0223736 

1 183.2763 

-0.0072807 

1331.8573 

n.00 18681 

1480.4383 

0.0018681 

1629.0193 

0.0083126 

1777.6002 

° 01 17709 

1926.1312 

„ .86874 

Body  station 
in  structural 
reference 
system 

Camber 

slope 

2074.7622 

0.0117702 

2223.3432 

0.0013968 

2371.9241 

-0.0055198 

2520.5051 

-0.0158946 

2669.0861 

-0.0297270 

2817.6671 

-0.0331845 

2966.2480 

-0.0413400 

3114.8290 

-0.0648188 

3263.4100 

-0.0968371 

3411.9910 

-0.1189804 

3560.5719 

-0.1404271 

3709.1529 

-0.1660344 

The  wing  fin  camber  is  constant  at  0 = -0.0322998  rad. 

The  horizontal  tail  camber  is  constant  at  0 - -0.0923905  rad. 
The  nacelles  and  vertical  stabilizer  have  no  camber. 


Table  8 - 7 7.  - Load  Conditions  Represented  in  Loads  Matrices 
Symmetrical  Loads 


Column 

number 

Condition 

number* 

Condition  description 

* 1 

0.4-01-02-05- 20E 

Flaps  down  maneuver  at  Vp 

2 

0.6*01- 19-06- 25 E 

Positive  maneuver  at 

3 

0.9-01 -34-06- 25 E 

Positive  maneuver  at 

4 

1.2-01-52-07-1  NE 

Negative  maneuver  at  Vp| 

5 

1.2-01-39-06-25E 

Positive  maneuver  at 

6 

2.0-01-48- 03-1NE 

Negative  maneuver  at  Mq 

7 

2.7-01-67-07-1  NE 

Negative  maneuver  at  Vh 

8 

0.4-05-02-05- 20 E . 

Flaps  down  maneuver  at  Vp 

9 

0.6-05-07-03-1  NE 

Negative  maneuver  at  Vq 

10 

1.2-05-35-03-1  NE 

Negative  maneuver  at  Vc 

11 

0.9-01-34  36  10E 

Abrupt  elevator  maneuver 

12 

Lateral  gust  at  Mach  = 0.9 

13 

Rudder  maneuver  no.  1 

14 

Rudder  maneuver  no.  2 

IS  j 

Rudder  maneuver  no.  3 

Asymmetrical  Loads 


1 

Lateral  gust  at  Mach  = 0.9 

2 

Rudder  maneuver  no.  1 

3 

Rudder  maneuver  no.  2 

4 

Rudder  maneuver  no.  3 

*See  figure  8-28  for  code  description 
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Table  8 - 13.  —Antisymmetric  Loads  Matrix  from  FL  EXSTAB 
for  the  4 Load  Conditions  in  Table  8-11 


Condition  description 


TZNode  No.  1 

Lateral  gust 

Rudder  Man. 

Rudder  Man. 

Rudder  Man. 

1 

i 

i 

(LB)  1 

at  M=  0.9 

No  1 

No  2 

| No  3 

> 

« * 

TZ-3191 

•1.79638768*03 

7.17003376*02 

-2.31171786*03 

-3.02872326*03 

1 

TZ-3189 

• 1.1963  3*28*03 

7.11373026*02 

•1.06885606*03 

•1.78022906*03 

) 

j 

7Z-3187 

-1.18*11388*03 

1.088617*6*03 

-*.*3152716*02 

-1.33177016*03 

> 

TZ-3185 

-3.81013118*02 

8.8*896136*02 

3.1586*216*02 

-5.69031926*02 

" 1 

TZ-3133 

•8.629287*8*02 

1.29382*56*03 

*.80271616*02 

-8.15552896*02 

j 

TZ-3181 

-3.75*11796*02 

3.82371856*02 

2. *1673976*02 

-3. *0697886*02 

1 

» 

TZ-2038 

-*.20U525E»02 

6.69096086*02 

2.959*77*6*02 

-3.731*83*6*02 

~ \ 

TZ-2098 

-3.76112028*02 

6.2199*686*02 

3.01*99536*02 

-3.20*95166*02 

\ 

TZ-2158 

-3. **5261*6*02 

6.08277366*02 

3.222*5986*02 

-2.86031386*02 

\ 

TZ-2218 

-2.26825328*02 

*.361007*8*02 

2.62325*76*02 

-l.7377527E*02 

■ 

TZ-2278 

-1.77120776*02 

3.8*268*58*02 

2.81705986*02 

-1.02562*76*02 

w : 

TZ-2338 

-9.93077666*01 

2.93012788*02 

2.551559*6*02 

-3.78569*16*01 

TZ-2398 

•2.65357126*01 

2.109872*6*02 

2. *50219*6*02 

3.  *03*6966*01 

TZ-2*58 

3.313635*6*01 

1.30665686*02 

2. *8821636*02 

1.181559*E*02 

. , 

TZ-2518 

1.190*0696*02 

2.97137676*01 

2.03615236*02 

1.73901*76*02 

Tt-2578 

2.162973*6*02 

-7.0*827836*01 

2.13789756*02 

2.8*2725*6*02 

TZ-2638 

2.8111*586*02 

-1.63617816*02 

1.86508536*02 

3. 501263*E»02 

TZ-2698 

3.6*93  7586*02 

-2.93971716*02 

1.80*02166*02 

*.7*373876*02 

* ** 

TZ-2750 

*.67*10538*02 

•3. *6391256*02 

1.60359316*02 

5.06750566*02 

'] 

\ 

TZ-2813 

1.09635286*03 

-9.07615266*02 

2.08972756*02 

1.19653806*03 

% 


i 
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Table  8 - 13.  -Continued 


72-1087 

-2.127856*8*02 

1.06027696*03 

3.68161876*02 

-7.00115086*02 

T2-3199 

-3.2*907298*03 

3.81952986*01 

-4.068*8328*03 

-*.10667856*03 

T2-3206 

-3.93*97158*03 

2.187265*6*03 

-2.526632*6*03 

-*.71389776*03 

TZ-3210 

-1.510595*8*03 

1.061*3126*0* 

5.60372716*03 

-2.01058506*03 

TZ-321* 

-*.78192718*03 

7. *2358*06*01 

-5.673*5056*03 

-5.7*76863E*03 

TZ-3215 

-5.16527788*03 

2.3116*226*03 

-3.66565286*03 

-5.97729506*03 

TZ-3216 

-8.165*3968*02 

5.19023336*03 

3.9786631E*03 

-1.21157026*03 

TZ-3217 

-2. *9391968*02 

*.73697506*03 

*.259*9786*03 

-*.77*77216*02 

TZ-3218 

-2.132*1708*02 

-3.20657876*02 

-*.76*139*6*02 

-1.55756076*02 

TZ-3219 

-1.8*0999*6*03 

3.22163096*02 

-1.803*9896*03 

-2.12566206*03 

TZ-3220 

-3.03517996*02 

3.719*0206*03 

3.17112896*03 

-5.48273076*02 

TZ-3221 

2.32533636*01 

-2.63980736*02 

-2.39683336*02 

2.*2973936*0l 

TY-0238 

1.00132756-01 

-5.02710206-01 

-1.732*9766-01 

3.29*60**6-01 

TZ-0238 

3.3®29C26E*02 

1.11959*86*02 

*.815*5366*02 

3.69585886*02 

rv-o*75 

1.73372706*00 

-8.70*06806*03 

-2.99969586*00 

5.70*37216*00 

TZ-0*75 

1.68667016*03 

5.7807*036*02 

2.42388716*03 

1.9*581316*03 

TY-0472 

*.71196116*00 

-2.36561056*01 

-8.15263876*00 

1.5503*676*01 

TZ-0*72 

1.90*60996*03 

7.0*7761*6*02 

2.75933566*03 

2.05*559*6*03 

TY-0862 

*.1712**36*00 

-2.09*1*706*01 

-7.21709006*00 

1.  372*3606*01 

TZ-0862 

7.7975  9886*02 

*.358*0296*02 

1.55322516*03 

1.12238*86*03 

Table  8- 13.  -Continued 


TV-0912 

3.29007616*00 

-1.69176216*01 

-9.69249216*00 

1.08251296*01 

TZ-0912 

l.0986082E»-03 

2.68316236*01 

6.80889366*01 

4.12573136*01 

TV-042 e 

2.48043136*00 

-1.24528506*01 

-4.29164406*00 

8.  16  1 2 0 57E*00 

TZ-0428 

3.08927706*02 

•2.13784016*02 

-8.39217716*02 

-6.25433696*02 

TV-041 T 

9.8989376E-0I 

-4.96964946*03 

-1.71269766*00 

3.25695176*00 

TZ-041T 

1.35605706*02 

8.57666776*01 

2.94629246*02 

2.08862576*02 

TV-0233 

2.27730486*00 

-1.14330666*01 

-3.94019456*00 

7.49287166*00 

TZ-0233 

-8.62034786*01 

5.82826676-01 

-9.37054126*01 

-9.42882396*01 

TV-0291 

2.34892826*00 

-1.17921456*01 

-4.06394446*00 

7.72820056*00 

TZ-0291 

6.37596986*02 

2.37407596*02 

9.27984506*02 

6. 90576926*02 

TV-0329 

2.47470946*00 

-1.24241236*01 

-4.28174416*00 

8.14237946*00 

TZ-0329 

2.46377336*03 

8.13681596*02 

3.33168146*03 

2.51799986*03 

TV-0378 

4.92367046*00 

-2.47189786*01 

-9.51893926*00 

1.6  200  0 406  * 01 

TZ-037B 

1.61894676*03 

6.26510216*02 

2.36125936*03 

1.73474806*03 

TV-0426 

2.89812796*00 

-1.45498696*01 

•5.01434306*00 

9.53552636*00 

TZ-0426 

9.  99300696*02 

2.25744476*01 

3.25694586*01 

9.9  9 501076*00 

TV-0416 

9.61274406-01 

-4.82601796*03 

-1.66319776*00 

3.16282026*00 

TZ-0416 

1.  31610246*02 

8.82074936*01 

3.00915126*02 

2.12307636*02 

TV-0226 

9. 61274406—01 

-4.82601796*03 

-1.66319776*00 

3.16282026*00 

TZ-0226 

2.46823986*02 

5.47077146*01 

2.02585186*02 

1.47877466*02 
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Table  8- 13.  -Continued 


ty->0375 

8. *39760*6-01 

-*.23712806*03 

-1. *602*806*00 

2.77688086*00 

72-0375 

-3.2071  0196*02 

-*.03832196*01 

-2. **190326*02 

-2.03807106*02 

rr-o*i* 

1.630733*6-01 

-8.18699*66-01 

-2.821*9616-01 

5.  3 6 5 * 9856-01 

TZ-0*l* 

-I. 86710536*00 

2. 178*9396*03 

3 . 2***l**6-02 

-2.0960*976*00 

T2-00*C 

-3.  3797  2 2 36.*  00 

9.85721296*03 

5.70610536*00 

-*.15110766*00 

TZ-003* 

-1.51737286*01 

6.8937*986*01 

3.5*066606*01 

•3.3*308386*01 

72-0025 

-1.75556366*01 

7.16101136*01 

*.892230*6*01 

-2.2687809E*01 

72-0017 

-2.  11513786*00 

1.63719636*01 

1.6**28576*01 

7.089*5356-02 

72-0009 

-2.061956*6*01 

1.32913796*02 

*.33263266*01 

-8.9587*666*01 

72-0005 

-*.8*27**86*00 

*.95811676*01 

1.751*3176*01 

-3.20668506*01 

rr-oooi 

8.18356*26-01 

1.6000**96*01 

9.98200086*00 

-6.019**836*00 

72-08*2 

2. *8299876*00 

1.99696096*03 

3. *635*556*00 

1. *6658*66*00 

72-0992 

*.3*552526*00 

2.7J232066*03 

-3.60*6*586*00 

-6.336966*6*00 

72-0992 

2.3*1*7936*00 

1.869663*6*03 

-6. 15756286*00 

-8.  02722616*00 

72-0671 

•*.06217996*00 

1.067*3976*01 

2.660*2226*00 

-8.01397516*00 

72-0563 

-9.29*39316*01 

*.791026*^*02 

1.86193926*02 

-2.92900736*02 

72-0127 

•9. 86662886*01 

5.05160336*02 

2.08020626*02 

-2.97139726*02 

72-0120 

-7.5081*676*01 

3.75139756*02 

1.78672796*02 

-1.96*66976*02 

72-011* 

-1.73070226*02 

8.99**5226*02 

3.277*1*36*02 

-5.71703796*02 

72-0107 

-6.  33353076*01 

*.  il?8551£*02 

1.3888*8*6*02 

-2. 72900686*02 
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Table  8- 13.  -Continued 


72-0194 

72-0145 

TZ-0939 

TZ-0998 

TZ-0088 

TZ-0661 

TZ-0556 

TZ-0221 

TZ-0216 

TZ-0211 

TZ-0236 

TZ-0204 

TZ-0201 

TZ-0200 

TZ-102 4 

TZ-1021 

TZ-0652 

TZ-0547 

TZ-0314 

TZ-0310 


-2.0461  4 856>0l 
-3.9661 3101*00 
7.29596056*00 
1.50041*56*01 
9.54030126*00 
-2.26536946*01 
-6.40170526*01 
-1.35100766*02 
-1.20616456*02 
-1.  70736676*02 
-4.55700356*01 
-2.08606006*01 
-*.4001  0146*00 
1.44542256*01 
2.70864726*01 
1.62776046*01 
-1.26215586*01 
-9.76630516*01 
-0.77566606*01 
-8.80036106*01 


2.24444066*02 
T. 42734026*01 
1.22000776*01 
7.91750666*03 
1.67658666*03 
7.84081156*01 
3.30190666*0! 
7.23003366*02 
6.35130506*02 
0.13620646*02 
3.33608116*02 
2.46740326*02 
1.12417436*02 
2.65208386*01 
1. 11001746*01 
5.61060066*03 
-1.84706636*03 
3.06050376*02 
4.85602216*02 
4.68858046*02 


8.31303666*01 

4.00468806*01 

1.42860006*01 

-4.64237706*00 

-1.07066766*01 

5.50840266*01 

1.51330006*02 

2.01024466*02 

2.57333156*02 

3.30207436*02 

1.23360206*02 

1.02610956*02 

6.27010056*01 

2.06362106*01 

1.42258156*01 

3.25414406*00 

5.66030256*01 

1.88556O3E*02 

1.04181706*02 

1.83862016*02 


-1.41306506*02 
-3.42266036*01 
2.08503186*00 
-1.24508846*01 
-1.24732636*01 
-2.34131806*01 
-1.78850586*02 
-4.31168006*02 
-3.77707356*02 
-5.83331226*02 
-2.10328016*02 
-1. 44120476*02 
-4.06254056*01 
3.10738176*00 
3.32664136*00 
-2.16555386*00 
5.94500016*01 
-2.39303446*02 
-2.71420426*02 
-2. 34096036  *02 
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Table  8 - 13.  —Continued 


T2-0397 

-3.77178306*0! 

2.70363836*02 

1.15178436*02 

-1.35188416*02 

T2-0305 

-1.8432450E*0l 

1.75754196*02 

8.19152616*01 

•9.38389346*01 

T2-0303 

•1.44096516*01 

1.80246116*02 

9.07573236*01 

-8.94887826*01 

T2-0299 

1.07357796*01 

7.68264476*01 

6.27165426*01 

•1.41099066*01 

T2-0827 

2.94  252006*01 

2.75975206*01 

4.81386676*01 

2.05411466*01 

T2-0877 

3.38142816*01 

8.47866996*03 

4.73062686*01 

3.86275986*01 

72-0977 

3.48482706*01 

-2.75755556*03 

2.03470486*01 

2.31046036*01 

TZ-0645 

-4.60936266*00 

-3.19440876*01 

5.43036306*01 

8.67477176*01 

T2-0542 

-1.05690116*01 

3.45624146*01 

6.01719356*01 

2.56095216*01 

72-0360 

-2.76426216*00 

4.62181916*01 

4.93964366*01 

3.17829546*00 

72-0358 

4.98565726*00 

5.78764606*01 

6.16974936*01 

3.82103316*00 

72-0356 

8.90489486*00 

6.77721786*01 

6.97618346*01 

1.98965536*00 

72—0373 

7w  86467-576*00 

7.36586926*01 

6.40038746*01 

-9.65481796*00 

72-0372 

1.52302736*01 

4.92116916*01 

5.43794916*01 

5.16780036*00 

72-0371 

5.26479456*01 

6.30656366*01 

1.06741146*02 

4.3675  5096*01 

72-1074 

7.90724956*01 

5.37769016*01 

1.19654106*02 

6.58771996*01 

72-1073 

8.38999916*01 

2.33746306*01 

8.79495476*01 

6.  4 574  9186  * 01 

72-1071 

4.93418416*01 

1.48143856*01 

4.51154466*01 

3.33010616*01 

72-0639 

2.0939  40  86*00 

-1.55998176-01 

8.01536846*01 

8.03096636*01 

72-0538 

1.  13344336*01 

3.04631296*01 

1.14447766*02 

8.19946276*01 

Table  8- 13.  —Continued 


TZ-0456 

-8.88791586*00 

8.01809846*01 

5.62118116*01 

-2.39691726*01 

TZ-0385 

2.89817106*01 

5.61273026*01 

1.14300026*02 

5.3172  7176*01 

17-0454 

1.74094726*02 

1.23454556*02 

3.32816246*02 

2.09361696*02 

TZ-0452 

1.87133096*02 

1.52875336*02 

3.42020746*02 

1. 3914  5416*02 

TZ-0023 

1.33276786*02 

1.4852791C*02 

2,60739116*02 

1. 12211206*02 

7Z-0867 

1.81835466*02 

1.00917976*02 

2.69192686*02 

1.68274716*02 

TZ-0916 

1.79446276*02 

4.76885716*01 

1.99996116*02 

1.52307546*02 

T 2-0966 

8.78562656*01 

1.72981726*01 

3.34596716*01 

6.61614996*01 

TZ-0634 

-1.06864526*02 

-3.97*06176*01 

-8.19090036*01 

-4.22483866*01 

TZ-0476 

-1.20453386*02 

6.16566756-01 

-6.06188416*01 

-6.12354006*01 

TZ-0474 

•1.06504746*02 

2.95548636*01 

-6.33201466*01 

-9.28750096*01 

TZ-0473 

•1.00808896*02 

4.67879196*01 

-5.45529036*01 

-1.01340026*02 

TZ-0471 

3.93134446*01 

8.77322126*01 

1.32138156*02 

4.44059416*01 

TZ-0812 

-4.41694806*01 

1.48173656*01 

-9.98575066*00 

-2.48031156*01 

TZ-0860 

-9.0723  7886*00 

4.06954996*01 

4.60199996*01 

5.  32449986*00 

TZ-09J9 

-9.43927716*00 

2.33330966*01 

3.75848206*01 

1.42517316*01 

TZ-0958 

-1.80214056*00 

9.58154346*03 

2.45155016*01 

1.49339576*01 

T2-O708 

-2.06971536*02 

-7.30509156*01 

-2.45973946*02 

-1.72123036*02 

T2-071Z 

-3.30500406*02 

-1.09031356*02 

-4.07479306*02 

-2.  98447956*02 

TZ-0494 

-2.99179136*02 

-5.95847066*01 

-3.26251336*02 

-2.46666636*02 

I«MVRMWN^  “* 


Table  5- 13.  - Continued 


TZ-0493 

-4.02473566*02 

-7.716  382  2 6*01 

-4.50255976*02 

-3.73092156*02 

T2-0492 

-4.11707716*02 

-7.43855696*01 

-4.42338396*02 

-3.67952826*02 

TZ-0491 

-3.01776716*02 

-1.52907786*01 

-3.0436 848E*02 

-2.89077706*02 

TZ-0357 

-2.63533766*02 

-3.24596466*01 

-2. 59603946*02 

-2.27144196*02 

TZ-0908 

-1.56  3 2 1 4 66  * 02 

-1.55138216*01 

-1.15207606*02 

-9.9773780E*0l 

T2-0955 

-7.80716326*01 

-7.98824696*03 

-4.26299396*01 

-3.46416626*01 

TZ-0731 

-3. 72890426*02 

-1.51649426*02 

-4.0583513E*02 

-2.54185716*02 

TZ-0708 

-4.6301 670E-01 

4.03581666*01 

-4.4940198E*00 

-4.48521866*01 

TZ-0513 

-3.82605746*02 

-7.35475796*01 

-3.0626868E*02 

-2.32721106*02 

T2-0512 

-2.5994  8966*02 

-1.92665606*01 

-2.00983626*02 

-1.01717056*02 

TZ-0511 

-1.80705296*0? 

-■».  75718996*03 

-1.52758986*02 

-1.4  500  1 796  * 02 

TZ-0854 

-1.49709  1 36  * 02 

-7.28091446*03 

-1.1358040E*02 

-1.0629949E*02 

7Z-09D3 

-9.99634326*01 

2.89565126*03 

-5. 3885371 E*01 

-5.6781022E*01 

TZ-0952 

-3.10563146*01 

1.99637896*03 

-1.23833376*01 

-1.43797166*01 

TZ-0775 

-2.21444006*02 

-5.89027716*01 

-1.83216336*02 

-1. 24413566*02 

TZ-0533 

-9.8  3 92  1 6 66  * 01 

4. 12864536*03 

-5. 3786.. -*76*01 

-5.79148926*01 

TZ-0532 

-5.35720306*01 

1.63600436*01 

-3.21484926*01 

-4. 8508525E*0 1 
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Note:  The  retained  nodes  for  the  nacelles  have  X,  Y,  and  Z degrees 

of  freedom  for  both  symmetrical  and  asymmetrical  cases 


Figure  8-4.-  Retained  Degrees  of  Freedom  for  Flexibility  Matrices 
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Figure  8-23.  -2707-300  PPD  Limit  Vertical  Acceleration  at  Landing  Impact 


Selected  for  midcruise  shape 
Mach  number  = 2.70 
Altitude  = 64  000  ft 

Weight  = 550  000  lb 


10  120  160  200 
lock  Time,  min 


ion  For  Jig  Solution 


409 


Figure  8-27.  — Jig  Shape  Deflections 
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Figure  8-29.- Definition  of  Load  Reference  Axis 


Figure  8-33.-Desig  1 L.timate  Shear  Force  Envelope  for  the  Body  in  Symmetrical  Flight  Conditions 
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Figure  8-34.  -Design  Ultimate  Bending  Moment  Envelope  for  the  Body  in  Symmetrical  Flight  Conditions 
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SECTION  9 


STRUCTURAL  THERMAL  ANALYSIS 

GENERAL 

Structural-thermal  analysis  ot  supersonic  aircraft,  which  are  subjected  to  heating  effects 
from  several  external  and  internal  sources,  is  required  in  order  to  determine 
temperature  gradients  which  produce  thermal  stresses,  and  to  establish  temperature 
limits  for  material  selection.  Internal  heat  sinks  provided  by  the  structure  and  the  fuel 
must  also  be  considered  in  the  analysis  in  order  to  accurately  predict  temperature  and 
stress  distributions.  These  are  then  used  in  the  design  and  sizing  of  the  structural 
elements,  in  the  selection  of  suitable  structural  materials,  and  in  determining 
insulation  requirements  for  fuel  tanks. 

The  thermal  analysis  initially  requires  the  establishment  of  analysis  methods  and 
criteria,  a mission  profile,  a fuel  management  plan  and  the  determination  of  the 
external  and  the  internal  environment  to  predict  the  heating  rates  to  the  various 
regions  of  the  aircraft.  The  next  phase  is  the  determination  of  the  thermal  response  of 
the  particular  structural  cross  section  yielding  the  required  temperature  distributions, 
gradients  and  stresses. 

The  criteria  and  the  analysis  methods  used  in  the  present  analysis  are  identical  to  those 
employed  on  the  National  SST  Program.  In  determining  the  structural  temperatures,  no 
factors  of  safety  are  applied.  However,  a factor  of  safety  of  1.25  is  applied  on  thermal 
strains  to  account  for  thermal  uncertainties. 

The  major  source  of  external  heating  for  a commercial  supersonic  transport  is 
aerodynamic  heating.  Since  solar  heating  is  also  a significant  source,  both  were 
considered  in  the  present  analysis.  The  analysis  methods  and  the  analysis  results  are 
briefly  described  in  the  following  paragraphs. 

AERODYNAMIC  HEATING 

The  aerodynamic  heat  transfer  rates  can  be  determined  from  Newton’s  cooling  law 
which  defines  a heat  transfer  coefficient  h in  the  following  form: 

h = q/naw-Tw)  (9-1) 

where 

Taw  = Too  + r (9-2) 

represents  the  temperature  of  an  adiabatic  (insulated)  wall  for  the  respective 
environmental  conditions  and  a given  free-stream  Mach  number.  The  recovery  factor,  r, 
is  a parameter  relating  the  adiabatic  temperature  rise  across  the  boundary  layer  on  an 


430 


i 


\ 


1 


insulated  (flat  plate)  wall  to  the  stagnation  temperature  rise  and  is  commonly  accepted 
as  approximately  .85  for  laminar  and  .89  for  turbulent  flow. 

During  the  preliminary  design  phase  of  the  National  SST,  the  Boeing  Company 
< .•''I'lered  a multitude  ol  methods  for  determining  the  heat  transfer  coefficient.  As  a 
result  of  this  study  and  related  test  dat^,  it  was  decided  to  use  Eckert’s  Reference 
Temperature  (T*)  Method  for  calculating  the  aerodynamic  heat  transfer  coefficients 
(ref.  9-1).  This  method  is  used  in  conjunction  with  the  Reynolds  analogy  and  the  Blasius 
skin  friction  relationship  for  laminar  flow.  A modified  Reynolds  analogy  with  the 
Prandtl-Schlichting-Wieghardt  skin  friction  relationship  and  a Rubesin  correction  factor 
(ref.  9-2)  is  used  for  turbulent  flow. 


The  reference  temperature  is  defined  by  the  equation: 


T*  = + \X  1 + S 1 

i I aw  >oo  ••  1 W 


(9-3) 


The  corresponding  heat  transfer  coefficients  on  a flat  plate  are  ^ven  by  the  following 
equations: 


h 


L = .332  y d’r-  I1  ^(RcO1  2 (laminar'. 


(9-4) 


and 


»r - 
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(9-5) 


where  the  supersciipt  * indicates  that  the  respective  parameter  is  evaluated  at  the 
reference  temperature  T * 

The  flat  plate  approach  is  generally  considered  to  be  sufficiently  accurate  for 
determining  heat  transfer  coefficient**  on  large  surfaces  on  configurations  such  as  the 
SST,  except  in  specific  locations,  such  as  stagnation  regions,  areas  of  large  curvature 
and  regions  of  protuberances  or  discontinuities. 

EQUILIBRIUM  WALL  TEMPERATURE 

The  wall  temperature,  used  to  determine  the  reference  temperature  for  obtaining  the 
heat  transfer  coefficient,  is  computed  from  radiation  equilibrium.  The  equilibrium  wall 
temperature  Tw^(  is  defined  as  the  temperature  of  an  insulated  thin  skin  receiving 
aerodynamic  heating  and  losing  heat  by  radiation,  as  shown  in  the  following  thermal 
balance  equation: 


h(  '.l\V  ■ 'w  . ,Vm  Ks.14  = ,) 

v '■'I  / 1 9 

Many  aircraft  structural  elements  which  consist  of  thin  metal  skins  with  little  thermal 
capacitance  will  rapidly  reach  a steady  stite  temperature,  as  given  by  Tw  in  the 
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above  equation.  During  the  proposal  phase  of  the  National  SST  Program,  a digital 
computer  program  was  written,  to  solve  simultaneously  the  aerodynamic  heating  and 
the  equilibrium  wall  temperature  equations,  using  a CDC  6600  computer  (ref.  9-3).  The 
program  input  consists  of  flight  trajectory  (time,  altitude,  Mach  number),  flow 
classification  (laminar  or  turbulent)  and  the  surface  emittance.  The  program  has  the 
capability  of  using  the  U.S.  standard  atmosphere  of  1962,  and  the  Air  Force  hot  or  cold 
at  biospheres.  The  output  of  the  program  is  the  aerodynamic  heat  transfer  coefficient 
and  the  adiabatic  wall  temperature  for  discrete  intervals  on  the  mission  profile. 


It  should  be  noted  that,  in  reality,  aircraft  surfaces  are  also  subjected  to  solar,  earth 
reflected  solar  »nd  earth  infra-  red  radiation.  Consequently,  the  real  equilibrium  wall 
temperature  i ^ /en  more  accurately  by  the  following  equations: 


**  ^aw  Tw^ ^ + Qsolar  06  ~ ® 


^ ^aw  “ ^wct^  + dearth  * dearth  “ ae  ® 

' ' reflected  infrared 

solar 


for  upper  surfaces 


for  lou » r surfaces 


(9-7) 


(9-8) 


However,  the  increased  accuracy  of  these  equations  does  not  significantly  influence  the 
heat  transfer  coefficient  obtained  on  the  basis  of  the  reference  temperature.  It  was 
therefore  decided  to  use  the  wall  temperature  computed  from  the  simpler  preceding 
equation  for  determining  heat  transfer  coefficients. 

EFFECTS  OF  ANGLE  OF  ATTACK,  DISTANCE  AND  SWEEP 

The  aerodynamic  heat  transfer  coefficients  are  influenced  by  angle  of  attack  due  to 
changes  in  the  flow  field  along  the  upper  and  lower  surfaces  of  the  aircraft.  During  the 
design  phase  of  the  National  SST,  these  effects  were  considered  (ref.  9-1),  and  the 
results  are  shown  in  figures  9-1  and  9-2.  Figure  9-1  shows  that  for  a moderate  angle  of 
attr^k  of  6 degrees,  the  flat  plate  heat  transfer  coefficient  increases  by  about  47%  on 
th  u>wer  surface  and  decreases  by  about  35%  on  the  upper  surface.  Figure  9-2  shows, 
however,  that  the  equilibrium  wall  temperatures  show  very  small  vaiiations  for  both 
upper  and  lower  titanium  surfaces  for  angles  of  attack  between  Pr  and  6°.  Consequently, 
for  the  temperature  ranges  and  flight  regimes  considered,  the  effect  of  moderate  angles 
of  attack  on  the  equilibrium  wall  temperature  can  be  regarded  as  negligible.  However, 
this  effect  may  be  more  significant  during  transient  (ascent  and  descent)  periods  when 
temperatures  are  relatively  low. 

Figure  9-2  also  shows  that  the  effect  of  the  streamwise  distance,  aft  of  the  eading  edge, 
on  the  equilibrium  wall  temperature  is  very  small.  Therefore,  the  temperatures  along 
the  wings  and  body  are  also  expected  to  show  only  small  changes. 

The  effect  of  the  jweep  angle  on  the  maximum  thermal  gradients  and  the  equilibrium 
wall  temperatures  is  similarly  considered  negligible. 
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EFFECTS  OF  SOLAR  ABSORPTANCE  AND  SURFACE  EMITTANCE 


The  effects  of  the  solar  absorptance  and  the  surface  emittance  on  the  equilibrium  wall 
temperature  are  shown  in  figure  9*3.  Although  small  changes  in  absorptive  and 
emissive  material  properties  may  not  significantly  affect  equilibrium  wall 
temperatures,  this  may  be  an  area  of  potential  payoff  by  tailoring  such  properties  in 
order  to  improve  temperature  distributions  and  thermal  control.  For  the  thermal 
analysis  reported  in  the  subsequent  paragraphs,  the  titanium  solar  absorptance  was 
assumed  to  be  aso|ar  = 0.7,  and  the  surface  emittance  was  assumed  to  be  e = 0.2.  It  was 
further  assumed  that  the  lower  surfaces  of  the  aircraft  received  10#  of  the  solar  energy 
reflected  from  the  ground  or  the  oceans  (albedo).  The  radiation  to  the  ground  or  the 
ocean  was  assumed  to  occur  at  a ground  temperature  of  31  IK  (100°F).  No  separate 
earth  infrared  radiation  was  considered. 

TRANSIENT  THERMAL  ANALYSIS 

The  externally  generated  heat  flows  into  the  internal  equipment  and  fuel  through  the 
wetted  aircraft  skin  surfaces  and  the  adjoining  structures,  such  as  the  wing  spars,  ribs, 
wheel  well  structure,  etc.,  mostly  by  conduction  and  radiation.  Due  to  resistance  to  the 
heat  flow,  there  is  a certain  time  lag  in  the  structural  temperature  response  resulting 
in  temperature  gradients  which  may  produce  instantaneous  thermal  stresses.  The 
thermal  gradient  and  the  temperature-time  histories  required  for  the  selection  and 
sizing  of  various  structural  members  were  generated  using  the  thermal  analyzer  CDC 
6600  computer  program  (ref.  9-4).  The  program  is  based  on  a Finite  difference  solution  of 
the  heat  flow  equation  using  a 3-dimensional  nodal  network  and  includes  the  effects  of 
conduction,  convection,  rad;ation,  external  and  internal  heat  sources,  and  property 
variations  with  time,  temperature  and  direction.  The  aerodynamic  heating  program 
(ref.  9-3)  is  coupled  with  the  thermal  analyzer  program  (ref.  9-4),  providing  the  required 
boundary  conditions.  In  addition,  the  thermal  analyzer  program  has  a plotting  routine 
such  that  temperature  and  stress  time  histories  can  be  directly  plotted  using  an  SC 
4020  plotter. 

For  transient  thermal  analyses,  selected  representative  structural  members  and  cross 
sections,  such  as  a wing  spar  and  upper  and  lower  panel  combination,  are  divided  into  a 
suitable  number  of  elements.  These  elements  are  then  represented  by  lumped  masses 
(nodes)  at  the  element  centroids.  The  various  nodes,  which  also  are  represented  as 
capacitors,  are  connected  in  a network  by  means  of  resistors.  This  network  of  capacitors, 
resistors  and,  when  applicable,  radiators,  in  conjunction  with  sources,  sinks,  and  the 
aerodynamic  heating  boundary  conditions  are  used  to  calculate  the  thermal  response 
and  the  stresses  in  the  structure  at  the  designated  nodes. 

Analysis  has  indicated  that  fuel  tank  panels  should  have  sufficiently  low  thermal 
conductance  to  prevent  fuel  boiling  at  the  end  of  cruise.  An  aluminum  brazed  titanium 
honeycomb  sandwich  panel  was  developed  during  the  design  of  the  National  SST  which 
had  a thermal  conductance  of  51  W/m2-K(9.0  BTU/ft2-hr-°R)  for  a panel  25.4  Tim  (l  inch) 
deep.  The  work  on  a low  conductance  sandwich  panel  has  been  continued  since  then, 
under  the  Department  of  Transportation  funded  SST  follow-on  contract.  By  reducing  the 
number  of  nodes  in  the  honeycomb,  panels  have  been  developed  with  a conductance  of 


34  W/m2-K(6.0  BTU/ft2-hr-°R),  and  the  required  mechanical  properties.  Attempts  were 
made  to  develop  an  aluminum  brazed  titanium  panel  with  a thermal  conductance  of 
14.2  W/m2-K(2.5  BTU/ft2-hr-°R)  (the  conductance  of  an  equivalent  diffusion  bonded 
panel)  with  the  required  mechanical  properties  (ref.  9-5).  However,  additional  work  is 
required  in  this  area.  For  the  present  thermal  analysis,  a honeycomb  panel  conductance 
of  34  W'm2-K(6.0  BTU/ft2-hr-°R)  was  used. 

THERMAL  STRESSES 

The  thermal  stresses  in  the  structural  members  were  calculated  using  a stress 
subroutine  written  into  the  thermal  analyzer  computer  program.  The  subroutine  solves 
the  following  equation: 


£ QjHjAjAFj 

0j,a.E.ArEjEi_ (9.9, 

i \ U, 

i=l 

This  equation  predicts  the  thermal  stress  in  each  of  n uniaxial  elements.  The  n 
elements  are  assumed  to  be  of  equal  length  at  a reference  temperature.  When  subjected 
to  temperature  differentials  from  the  reference  temperature,  the  members  are 
constrained  against  rotation  but  free  to  translate  to  a common  length  at  which  the  total 
axial  load  of  the  n members  is  zero. 

ANALYSIS  RESULTS 

The  thermal  analysis  of  the  Arrow  Wing  SST  configuration  was  conducted  for  a number 
of  selected  locations  as  shown  in  figure  9*4.  These  locations  and  structural 
arrangements  are  listed  in  table  9-1. 

The  aerodynamic  heating  rates  were  calculated  using  a 6190  km  (3340  nm)  mission 
profile,  as  shown  in  figure  9-5,  and  the  1962  U.S.  standard  atmosphere.  The  flow  along 
the  wing  and  the  body  is  mostly  turbulent.  Therefore,  turbulent  heat  transfer  rates 
were  used  in  the  analysis.  Solar  heating  and  radiation  to  outer  space  was  included  in 
the  calculation  of  the  transient  skin  temperatures.  The  titanium  solar  absorptance  was 
assumed  to  be  0.7,  and  the  emittance  to  outer  space  or  for  internal  radiation  was 
assumed  to  be  0.2. 

The  thermal  conductance  of  the  25.4mm  (1  inch)  deep  honeycomb  panel  was  assumed  as 
34  W/m2-K(6.0  BTU/ft2-hr-°R).  For  the  denser  honeycomb,  at  the  joint  with  the  spar,  a 
value  of  216  W/m2-K(38.0  BTU/ft2-hr-°R)  was  used. 

To  determine  the  effect  of  fuel  on  tank  structures,  the  fuel  management  scheme  shown 
in  figure  9-6  and  listed  in  table  9-2,  was  used  in  the  transient  analysis.  This  fuel 
management  is  consistent  with  the  flight  performance  of  the  Arrow  Wing  airplane.  The 
thermal  conductance  between  the  structure  and  the  fuel  was  assumed  as  171.0  W/m2-K 
(30.0  BTU/fi2-hr-°R).  It  was  further  assumed  that  the  panel  and  the  spars  of  tank  No.l 
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were  not  internally  insulated.  Insulation  with  a thermal  conductivity  of  .058  W/m-K 
(0.4  BTU-in/ft2-hr-°R)  was  used  only  for  the  tank  No.2  area  which  contained  integrally 
stiffened  lower  panels. 

The  initial  temperature  before  the  aircraft  flight  was  assumed  as  288.8  K (60°  F).  The 
structural  concepts  and  the  results  of  the  transient  analysis,  including  temperature, 
thermal  gradient  and  thermal  stress  histories  are  shown  in  figures  9-7  through  9-81  for 
various  nodes.  The  positive  values  represent  tensile  stresses  and  negative  values 
compressive  stresses. 
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Table  9-1  .-Thermal  Analysis  of  Arrow  Wing  SST  Configuration 
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Figure  9-1. -Angle  of  Attack  Effect  on  Aerodynamic  Heat  Transfer  Coefficient 
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Figure  9-4. -Arrow  Wing  SST  Configuration  Points  for  Thermal  Analysis 
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Figure  9-9.-Fuel  Tank  No.  7 Temperatures,  Point  249,  Case  1,  75,  76,  720,  727 
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Figure  9-1 4.-Fuel  Tank  No  1 Thermal  Gradients,  Point249,  Case  1,  T18-T13,  T18-T16,  T19-T18 
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Figure  9-23. -Fuel  Tank  No.  1 Thermal  Gradients,  Point  249,  Case  2, 
T1-T2,  75-77,  727-779,724-725 
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Figure  9-30. -Fuel  Tank  No.  2,  Point  269 
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Figure  9-32.-Fuel  Tank  No.  2 Temperatures,  Point  269,  Case  1,  Til,  T13,  T17,  T20 
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Figure  9-34. -Fuel  Tank  No.  2 Thermal  Gradients.  Point  269,  Case  1.T11-T13.T13-T17,  T13-T20 
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Figure  9-54. -Fuel  Tank  No.  2 Thermal  Stresses , Point  269,  Case  4,  ail,  a13 , a17,  a20 
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Temperature, 


0 20  40  60  80  100  120  140  160  180 

Time,  mm 
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SECTION  10 


STRESS  ANALYSIS 

INTRODUCTION 

The  arrow-wing  structure  was  sized  for  strength  requirements  using  the  integrated 
structural  analysis  and  design  capabilities  of  the  ATLAS  system  iref.  10-1  In 
preparation  for  the  stress  analysis,  the  mathematical  model  was  defined,  checked-out. 
and  loads  were  generated  in  the  ATLAS  format,  as  described  in  previous  sections.  In 
preparation  for  the  resizing  cycles,  allowables  and  sizing  limitations  were  defined.  The 
checkout  activities  were  the  most  difficult  of  all  to  estimate  in  terms  of  flow  time  and 
manpower,  due  to  lack  of  experience  on  models  of  this  size.  These  estimates  were 
generally  low.  resulting  in  budget  over-runs  and  slippage  of  milestones. 

RESIZING  CRITERIA 

Four  sets  of  criteria  were  necessary  to  accomplish  the  resizing  of  the  structural 
elements: 

1.  Mechanical  properties  of  the  materials  were  defined  for  various  temperature 
ranges  for  those  elements  critical  in  tension; 

2.  Stability  allowables  were  defined  for  those  elements  critical  in  compression; 

3.  Those  elements  that  were  not  to  be  resized  were  defined; 

4.  The  constraints  on  the  resizing  of  elements  were  defined,  such  as  minimum  gauges, 
fail-safe  areas  of  spar  chords,  etc. 

Sets  of  allowables  were  defined  based  on  information  of  the  type  shown  in  figures  10-1 
and  10-2.  These  data  provide  the  mechanical  properties  of  materials  and  stability 
allowables  for  resizing  individual  elements.  Effects  of  thermal  stresses  were  included  by 
reducing  the  allowables  on  each  member  by  an  amount  appropriate  for  the  thermal 
stress,  rather  than  superimposing  the  thermal  stress  on  the  basic  member  stress. 

In  establishing  stability  and  material  allowables  to  be  used  for  resizing,  type  of 
construction,  panel  size,  and  thermal  environment  were  considered  for  wing  cover 
elements.  Spar  web  depth  and  type  of  construction,  i.e..  sine-wave  or  sheet-stiffener 
webs,  were  considered  for  spar  elements. 

After  selecting  the  elements  to  be  automatically  resized,  constraints  on  the  range  of 
sizing  were  established.  Constraints  for  spar  chords  included  practical  design  and 
manufacturing  limitations  and  fail  safety.  The  fail  safety  criterion  required  that  a spar 
chord  must  have  a cross-sectional  area  equal  to  or  greater  than  twenty  five  percent  of 
the  area  of  the  largest  adjacent  skin  panel.  For  skin  panels  the  requirements  included 
walking  loads,  hail  and  lightning  criteria  and  manufacturing  and  handling  limitations. 
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Those  areas  for  which  an  automated  resize  was  not  desired  were  identified  and  sizing 
constraints  were  imposed.  The  elements  aft  of  the  rear  spar  and  forward  of  the  leading 
edge  spar  were  not  included  in  the  elements  to  be  machine  resized  because  they  were 
either  minimum  gage  or  were  established  by  criteria  other  than  strength,  for  example 
handling  requirements.  The  fuselage  elements  were  not  resized  because  of  the  problem 
posed  by  allowables  for  buckled  skin  panels.  These  elements  were  manually  sized,  with 
convergence  occurring  in  two  cycles.  Also,  elements  that  were  not  important  in  a 
structural  sense  but  were  required  for  accurate  model  behavior,  such  as  control  surface 
hinges  and  the  landing  gear  uplock,  were  excluded  from  resizing.  Finally  the  nacelle 
support  elements  were  excluded  from  machine  sizing  because  these  items  were  covered 
by  special  supplementary  design  conditions  (such  as  engine  seizure),  as  specified  in 
FAR  25. 

The  spar  webs  in  the  fuel  tank  areas  are  critical  for  fuel  pressure  loads  due  to  crash 
load  factors  and  refueling  pressures.  Since  these  load  conditions  were  not  included  in 
stress  analysis  and  resizing,  the  spar  web  weights  were  adjusted  to  account  for  the 
additional  stiffening  required. 


RESIZE  ALGORITHM 

The  principal  concern  in  establishing  the  design  algorithm  was  to  have  the  greatest 
possible  accuracy  in  resizing  of  structural  elements  loaded  in  biaxial  compression  and 
shear.  The  allowable  stress-ratio  interaction  equation  used  for  evaluation  of  margins  of 
safety  is  (ref.  10-2) 


R = 


Rx 


I - Rxv- 


I - Rxy4 


where  Rx,  Ry  and  Rxy  are  the  ratios  of  the  actual  to  allowable  inplane  load  for  axial 
and  shear  loads.  For  strength  critical  loading  conditions,  a modified  Hill’s  yield 
criterion  was  used. 


The  resizing  algorithm  is  a first  order  approximation,  and  thus  is  accurate  only  for 
relatively  small  variations  in  thickness.  A local  iteration  based  on  the  Newton-Raphson 
method  was  developed  to  assure  a converged  design  after  each  design  cycle  and  to  speed 
convergence  of  the  fully  stressed  design.  During  each  resize  cycle,  it  is  assumed  that  the 
loads  on  individual  elements  are  not  altered  as  the  sizing  varies.  Successive  cycles  of 
stress  analysis  and  design,  however,  recognize  and  provide  for  the  redistribution  of 
internal  loads  as  the  member  sizing  varies. 

IMPLEMENTATION  OF  DESIGN  GUIDELINES 

It  was  advantageous  to  group  together  elements  having  the  same  design  guidelines  to 
minimize  the  amount  of  input  data  required  for  the  design.  In  addition  to  the 
considerations  of  element  size,  construction,  and  thermal  environment  previously 
mentioned,  similar  element  reference  frames  were  required  for  cover  elements.  A review 
of  the  orientation  of  cover  elements  revealed  that  a few  did  not  conform  to  the  required 
input  data  format.  After  appropriate  revisions  were  made  to  these  element  orientations, 


* 


V 


523 


elements  meeting  the  commonality  criteria  were  grouped  into  subsets.  An  illustration  of 
the  common  regions  of  wing  structure  is  given  in  figure  10-3.  A list  of  subsets  used  for 
design  inputs  is  given  in  table  10-1  and  illustrations  of  the  wing  spar  and  wing  cover 
element  subsets  are  given  in  figures  10-4  and  10-5,  respectively. 

The  most  critical  design  load  cases  from  section  8 were  selected  and  loads  were  derived 
for  application  to  the  structural  nodes  for  stress  analysis.  For  example,  an  unsymmetric 
load  case  was  broken  down  to  its  symmetric  and  antisymmetric  components,  so  that 
elastic  analyses  could  be  performed  on  the  half-airplane  model,  with  appropriate 
boundary  conditions  at  the  airplane  plane  of  symmetry  for  symmetric  and 
antisymmetric  loading  conditions.  The  design  load  conditions  were  identified  after 
superposing  component  deflections  and  multiplying  by  the  appropriate  factors-of-safety 
to  obtain  ultimate  design  load  conditions.  These  superposed  deflections  then  formed  the 
basis  for  the  stress  analysis  for  the  selected  design  conditions.  This  procedure,  starting 
from  the  applied  external  load  conditions  and  proceeding  throi  gh  the  stress  analysis  is 
illustrated  in  figure  10-6.  Table  10-2  identifies  and  describes  all  the  design  load  cases 
used  in  the  stress  analysis. 

Material  and  stability  allowables  for  specific  groups  of  elements  were  specified  with  a 
combination  of  sizing  data  (which  are  referenced  to  material  and  stability  files)  and 
temperature  data  (which  are  referenced  to  the  temperature  data  files). 

In  order  to  define  allowables  for  the  upper  and  lower  cover  elements  accounting  for 
differences  in  structural  concept,  thermal  stress,  or  temperature,  eleven  sets  of  sizing 
data  were  required.  These  consisted  of  combinations  of  eight  sets  of  materials  data,  five 
sets  of  allowable  shear  buckling  tables  and  four  sets  of  allowable  compression  buckling 
tables.  Also,  separate  data  sets  were  specified  for  upward  bending  and  downward 
bending  because  of  the  different  character  of  the  loading  in  the  upper  and  lower 
surfaces. 

One  sizing  data  set  and  temperature  can  be  specified  for  each  load  case  and  element. 
The  most  convenient  method  of  differentiating  between  the  sizing  data  sets  was  to 
insert  a qualifying  symbol  preceding  the  temperature  callout,  as  a key  to  the  loading  on 
the  structure.  This  was  done  by  inserting  a negative  sign  in  front  of  the  temperature  for 
load  cases  having  the  lower  surface  in  compression,  with  the  positive  temperature 
signifying  the  opposite  case  having  the  lower  surface  in  tension.  The  stress  analysis  was 
reviewed  to  determine  the  state  of  stress  in  each  cover  element  so  that  the  proper  sign 
could  be  given  to  the  temperature  for  each  subset  load  condition.  The  complete  taoles  of 
sizing  data,  special  materials,  shear  buckling,  compression  buckling  and  temperature 
information  are  given  in  tables  1C-3  through  10-7.  respectively. 

In  calculating  both  material  and  stability  allowables,  temperature  effects  on  modulus 
were  considered.  However,  the  stiffness  and  stress  analyses  were  not  executed  for 
different  temperatures  because  the  effect  on  load  paths  and  element  loads  would  have 
been  negligible  and  the  increase  in  computer  costs  would  have  been  significant.  The 
effects  of  thermally  induced  stresses  caused  by  temperature  gradients  in  the  structure 
were  included  in  the  analysis  by  modifying  the  allowables  used  for  resizing  to  account 
for  these  stress  increments.  The  flight  conditions  at  which  these  thermal  gradient 


effects  are  significant  occur  near  room  temperature.  For  convenience,  these  sets  of 
allowables  are  identified  in  tables  10-4,  10-5,  10-6  and  10-7  by  the  use  of  temperature 
callouts  from  68°  to  75°  F. 

Constraints  on  the  range  of  sizing  were  specified  by  lower  bound  information  at  both 
the  element  and  subset  level.  For  example  lower  bounds  for  covers  and  some  spars  were 
set  up  in  subsets  because  common  values  were  valid  for  large  areas  of  the  wing.  Lower 
bounds  for  rear  spar  elements  were  specified  at  the  element  level  due  to  relatively  rapid 
changes  in  properties  of  these  elements.  Typical  lower  bound  information  and  stringer 
sizing  criteria  for  the  skin-stringer  panels  are  presented  in  figure  10-7.  Fail-safe  spar 
chord  lower  bounds  were  checked  and  updated  after  each  resize  cycle. 

All  wing  elements  that  were  not  to  be  automatically  resized  were  put  into  a subset 
included  in  the  "Restrain  Sizing  Data".  All  of  the  fuselage  members  were  resized  by 
hand  and  the  revised  element  data  were  inserted  into  the  program  before  each  resizing 
cycle. 

CHECKOUT 


Checkout  of  the  mathematical  model,  as  described  in  section  7,  concerned  itself  with 
accuracy,  completeness,  and  continuity.  Checking  also  confirmed  that  all  design 
parameters  were  correctly  associated  with  the  proper  elements.  This  was  done  in  part 
with  machine  plotting  of  the  design  subsets  and  in  part  by  manual  checking  of  the  data 
listings.  With  respect  to  fuselage  sizing,  the  constraint  against  rigid  body  translations 
and  rotations  of  the  model  was  originally  provided  at  the  airplane  eg,  but  a check  after 
the  initial  stress  run  showed  body  stresses  in  the  region  of  the  constrained  point  being 
affected.  The  constraint  was  therefore  subsequently  revised  to  a node  pair  located  at  the 
fore  and  aft  extremities  of  the  model  so  that  a slight  imbalance  would  not  produce  large 
reactions. 


STRUCTURAL  SIZING 

Typical  panel  gages  are  presented  in  figure  10-8.  For  each  upper  and  lower  surface 
panel,  three  sets  of  gages  are  shown.  Reading  from  top  to  bottom,  the  upper  set  of 
values  are  the  upper/lower  surface  panel  gages  derived  manually  from  the  SCAT-  15F 
and  used  for  initial  sizes  in  the  analysis.  The  middle  and  lower  sets  of  gages  were 
obtained  from  successive  stress  analysis  and  design  cycles. 

For  lower  surface  panels  of  integrally  stiffened  skin  construction,  the  first  value  of  each 
line  is  the  area  per  inch,  of  skin  plus  stiffener,  while  the  second  value,  in  parentheses, 
is  the  skin  gage.  For  upper  and  lower  surface  panels  of  honeycomb  sandwich 
construction,  the  single  value  shown  is  the  sum  of  the  inner  and  outer  face  sheet  gages. 

Figures  10-9  and  10-10  present  a summary  of  the  load  conditions  that  were  critical  for 
strength  sizing  of  each  panel  of  upper  and  lower  surfaces,  respectively.  It  is  also 
indicated  on  those  figures  which  of  the  panels  were  sized  at  the  minimum  gage,  and 
which  areas  are  stiffness  critical. 


At  the  end  of  each  design  cycle  the  total  theoretical  weight  of  the  wing  box  was 
calculated  and  compared  to  the  weight  from  the  previous  cycle.  Using  total  mass  change 
between  cycles  as  a measure,  convergence  was  achieved  with  three  stress  analysis- 
design  cycles.  Figure  10-11,  presents  the  normalized  weight  of  the  wing  box, 
Figures  10-12  and  10-13  show  the  theoretical  weights  of  the  wing  spar  and  panel 
elements,  respectively,  for  successive  cycles  of  redesign. 
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Table  10-1 -Element  Subset  Definition 


Subset 

identification 

ATLAS 

element 

type 

Description 

E3 

i 

Spar 

L E Spar,  wheel  well  rib,  fin  rib 

E4 

Spar 

Spars  BS  2790.25,  2755.25,  wheel  well  front  spar, 
inbd  engine  beam  extension,  rib  BL  352.6 

E5 

Spar 

Spars  BS  2895.25,  2860.25,  ?825.25 

E6 

Spar 

Spar  BS  2580.25,  outbd  nacelle  diffusion  rib,  inbd 
nacelle  diffusion  rib 

E9 

Spar 

Corrugated  web  spars  (120J  arc)  depth  = 35  in. 

ell 

Spar 

Rear  Spar,  outbd  engine  beam  extension  (near  RS) 

E12 

Spar 

Rear  Spar  (outbd),  fin  rib  (near  RS),  outbd  engine 
beam  extension 

E13 

Spar 

Corrugated  web  spars  (120  arc)  depth  - 20  in. 

E14 

Spar 

Fin  spars  and  ribs 

E38 

G-plate 

Fin  root  covers 

E26 

Cover 

Honeycomb  covers  BS  2755.25  to  LE 

E37 

Cover 

Fin  covers 

E28 

Cover 

Covers  rear  spar  to  BS  2755  25  Honeycomb  upper 
skin-strmger  lower 

E17 

Spar 

AM  sheet-stiffener  spar> 

E19 

Spar 

All  spars  BS  2230.25  to  L E 

E21 

Spar 

Spars  BS  2720.25  to  BS  2300.25 

E25 

Spar 

All  corrugated  web  spars 

E33 

Cover 

Honeycomb  covers(upr  and  lwr)dry  bay35-in.  spar  spacing 

E34 

Cover 

Honeycomb  cover$(upr  and  IwOwet  bay  35-in. spar  spacing 

E35 

Cover 

h neycomb  covcrs(upr  and  lwr)dry  bay45  in. sparspacing 

E42 

Beam 
S plate 
Cover 
Spar 

All  elements  not  to  be  machine  resized. 

Table  10-2.  -Design  Load  Cases 


Load  case 

(Reference  section  8) 

Internal 

load 

case 

Description 

Symmetrical 

0.4  01-02  05-20E 

FMVF743 

Flap  down  maneuver  at  Vp 
M : 0.4,  2100-ft  alt,  nz  =■  3.0  ult 
275  KEAS,  743  000  lb  GW 

0.6-01-19-06  25E 

PMVA732 

Positive  maneuver  at  \Jq 
M = 0.6.  18  900  ft  alt,  nz  = 3.75  ult 
275  KEAS,  732  000  IbGW 

0.9-01- 34-06- 25E 

PMVA717 

Positive  maneuver  at  VA 
M = 0.9,  33  800  ft,  nz  = 3.75  ult 
297  KEAS,  717  000  IbGW 

1.2-01-52  07  1NE 

NMVH704 

Negative  maneuver  at  Vh 
M - 1.2,52  100  ft,  n2  = -1.5  ult 
255  KEAS,  703  500  IbGW 

1.2-01  39  06-25E 

PMVA704 

Positive  maneuver  at  Va 
M = 1.2,  39  200  ft.  nz  = 3.75  ult 
350  KEAS,  703  500  IbGW 

2.0-01  48  03-1 NE 

NMVC682 

Negative  maneuver  at  Vc 
M = 2.0,47  700  ft,  nz=  -1.5  ult 
475  KEAS,  682  000  IbGW 

2.7-01-67  071NE 

NMVH657 

Negative  maneuver  at  Vh 
M 2.7,  67  100  ft,  nz  - -1.5  ult 
400  KEAS,  657  000  IbGW 

0.4  05-02-05  20E 

FMVF465 

Flap  down  maneuver  at  Vp 
M - 0.4,  -2100  ft,  n7  - 3.0  ult 
275  KEAS,  464  900  IbGW 

0.6  05-07  03-1NE 

NMVC465 

Negative  maneuver  at  Vq 
M - 1.2,  6700  ft,  nz  = 1.5  ult 
389  KEAS,  464  900  IbGW 

0.9  01  34  36  10  E 

ELEV717 

Abrupt  elevator  deflection 
M 0 9,  33  800  ft,  nz  - 0 723  ult 
300  KEAS,  717  000  IbGW 

TAXI 

TAX  1 NZ3 

TAXI  nz  ‘ 3 ult 

c g at  BS  2479  16,  750  000  lb  GW 

2-pt  braked  roll 

TWOPTBR 

i 

Two  point  braked  roll 
n7  1.5ult,nx  1 2, c.g.  206.55  in 
above  MLG  static  ground  line 

Reverse  braking 

REVBRAK 

Reversed  braking, 1 Suit 
nx  - - 0 7659 

A 


•*4  H 
. * 
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Table  W-°-(  Concluded) 


Load  case 

(Reference  section  8) 

Internal 

.Odd 

case 

Description 

Asymmetrical 

Lateral  gust  at  M - 0.9 

LATGSTR 

Lateral  gust  R.  H.  S. 

M - 0.9  33400ft,  riy  = 0.18 
300  KEAS,  716  6001b  GW 

LATGSTL 

L.H.S 

Ruddei  maneuver  no.  1 

RUDMN1R 

Rudder  maneuver  R.H.S. 

M = 0.4  b300  ft,  ny  = 0.136  ult 
350  KEAS,  742  600  lb  GW 

RUDMN1L 

L.H.  S. 

Rudder  maneuver  no.  2 

RUDMN2R 

Rudder  maneuver  R.H.S. 

M = 0.4,  G300ft,  ny  = 0.06  ult 
350  KEAS,  742  600  IbGW 

RUOMN2L 

L.H.S 

Rudder  maneuver  no.  3 

RUDMN3R 

Rudder  maneuver  R.H.S. 

M - 0.4,  6300  ft,  ny  = 0.195  ult 
350  KEAS,  742  600  IbGW 

RUD,\/IN3L 

L.H.S 

Turning 

GRTURNR 

I 

Ground  turn  R.H.S. 
c.g.  at  BS  2479.16 

206.55  in.  above  MLG  static  ground  line 

258.55  in  above  NG  static  ground  line 
ny  - -0.75  ult,  750  000  1b  GW 

GRTURNL 

L H.S. 

Nose  wheel  yaw 

NWYAWR  j 

i 

Nose  wheel  yaw  R lJ  S 
unsymmetric  MU  biakmg 
n^,  1 5 ult,  nx  0 799 

750  000  lb  GW 

NWYAWL 

i 

L.H.S. 

Table  10-3.  Sources  of  Sizing  Data  for  Design 


Clement 

subset 

— 

Element 

type 

a 

Material 

properties 

table 

b 

Compression  buckling 
table 

c 

Shear  buckling 
table 

d 

Factor  for 

two-direction 

compression 

E17 

Spars 

M55 

BS55 

for  Spar  webs 

E19 

Spars 

M52 

BS‘: 

* 

Spars 

M53 

BS53 

E25 

Spars 

M54 

3S54 

E33 

Covers 

M56 

BC56 

Mat'l  FSU  f 

0 65 

E34 

Covt.  . 

M57 

BC57 

Mat'l  FSU 

0.65 

E28 

Covers 

Mud 

BC59 

Mat'l  FSU 

0.65 

E35 

Covers 

M56 

BC58 

Mat'l  FSU 

° 385 

E37 

Covers 

M60 

Mat'l  FCU  2 e 

Mat'l  FSU 

U.468 

E38 

Opiates 

M60 

Mat'l  FCU  2 1 dir. 
Mat'l  FCU  3 2 dir. 

Mat'l  FSU 

0.468 

Structure  (Default) 

M56 

a See  table  104 

b See  table  10*6 

c See  table  10  5 


d Compression  stability  allowables  to  be  used  in  the  local 
e’ement  2 direction  are  generated  by  multiplying 
the  1 direction  allowables  in  the  specified  table  by  the 
designated  factor. 

e FCU  -ultimate  compression  stress 

f FSU  -ultimate  shear  stress 


Table  10-4.— Basic  Materia!  Allowable  Stress 


Allowable,  ksi 

Material 

a 

Temperature,  °F 

FTU1.2.3 

FCU1 

FCU0 

fcu3 

FSU  [ 

M52 

71  b 

125.1 

137.0 

137.0 

137.0 

80.1 

250 

107.5 

111.5 

111.5 

111.5 

68.8 

M53 

71 

125.1 

137.0 

137.0 

137.0 

80.1 

250 

107.5 

111.5 

111.5 

111.5 

68.8 

M54 

71 

125.1 

137.0 

137.0 

137.0 

80.1 

250 

107.5 

111.5 

111.5 

111.5 

68.8 

M55 

71 

125.1 

137.0 

137.0 

137.0 

80.1 

250 

107.5 

111.5 

111.5 

111.5 

68.8 

M56 

68 

124.8 

136.6 

139.6 

136.6 

80.1 

70 

123.4 

134.2 

137.2 

134.2 

80.1 

71 

125.1 

137.0 

140.0 

137.0 

80.1 

174 

112.9 

123.6 

126.3 

123.6 

73.9 

264 

103.8 

109.3 

111.8 

109.3 

68.8 

373 

94.8 

95.2 

97.3 

95.2 

63.3 

500 

94.8 

95.2 

97.3 

95.2 

63.3 

M57 

-230 

94.8 

95.2 

97.3 

95.2 

63.3 

- 190 

103.8 

1C9.3 

111.8 

109.3 

68.8 

-130 

112.9 

123.6 

126.3 

123.6 

73.9 

- 74 

125.1 

137.0 

140.0 

137.0 

80.1 

- 71 

125.1 

137.0 

140.0 

137.0 

80.1 

70 

125  1 

137.0 

140.0 

137.0 

80.1 

71 

125.1 

137.0 

140.0 

137.0 

80.1 

72 

125.1 

136.6 

139.6 

136.6 

80.1 

373 

94.8 

95.2 

97.3 

95.2 

63.3 

M58 

-384 

94.8 

95.2 

97.3 

95.2 

63.3 

-286 

103.8 

109.3 

111.8 

109.3 

68.8 

-180 

112.9 

123.6 

126.3 

123.6 

73.9 

-171 

125.1 

137.0 

140.0 

137.0 

80.1 

- 77 

123.4 

134.2 

137.2 

134.2 

80.1 

71 

125.1 

137.0 

140.0 

137.0 

80.1 

75 

124.8 

136.6 

139.6 

136.6 

80.1 

M60 

68 

124.8 

85.5 

41.5 

41.5 

80.1 

69 

124.8 

85.5 

41.5 

41.5 

80.1 

70 

123.4 

85.7 

*+1.7 

41.7 

80.1 

71 

125.1 

86.0 

41.0 

42.0 

80.1 

i 

174 

112.9 

81.0 

37.3 

37.3 

73.9 

264 

103.8 

77.3 

34.6 

34.6 

68.8 

i 

373  | 

94.8 

73.4 

31.1 

31.1 

63.3 

500 

94.8 

73.4 

31.1 

31.1 

i 

63.3 

All  materials  are  isotropic  with: 

E = 16.0  106 
G-  6.2  106 
v =0.3 


ATLAS  Users  Manual  (ref.  2)  details  how  specific  allowables 
are  used  with  each  element  type. 

a A negative  sign  preceding  the  temperature  is  used  to  signify  materials 
data  appropriate  for  load  conditions  having  the  lower  surface  in 
compression. 

b Temperature  callouts  from  68°  to  77°  F art  used  to  identify  room 
temperature  allowables  corrected  for  stresses  induced  by  thermal 
gradients. 
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Gage.  in. 


Table  10-5.  Shear  Buckling  Allowable  Stress 


Shear  allowable,  ksi 


71b 

250 

11.0 

10.0 

53.5 

52.0 

60.0 

55.0 

12.0 

11.5 

41.5 

40.0 

55.0 

51.0 

61.0 

54.5 

64.0 

57.0 

12.0 

11.5 

58.0 

54.0 

65.0 

67.0 

68.0 

59.5 

46.0 

44.0 

54.0 

52.0 

57.0 

55.0 

58.0 

56.0 

384 

286 

11.8 

11.8 

19.9 

20.0 

35.3 

35  5 

51.9 

53.7 

52.6 

59.6 

*180 

ESI 

-7?b 

71 

75 

72.0 

72.0 

12.6 

13.0 

13.0 

72.0 

72.0 

21.3 

22.0 

22.0 

72.0 

72.0 

37.8 

39.0 

39.0 

72.0 

72.0 

57.0 

59.6 

59.6 

72.0 

72.0 

66  7 

74.5 

74.5 

72.0 

72.0 

72.0 

72.0 

a A negative  sign  preceding  the  temperature  is  used  to  signify 
materials  data  appropriate  for  load  conditions  having  the  lower 
surface  in  compression. 

b Temperature  callouts  from  68°  to  77°  F are  used  to  identify 
sets  of  room  temperature  allowables  corrected  for  stresses 
induced  by  thermal  gradients. 
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Table  10-6.  - Compression  Buckling  Allowable  Stress 


r-i-*Ev^n  ♦cr  -smoeW 


Gage.  in. 


Compression  allowable,  ksi 


Temperature.  °F 


Temperature.  °F 


68  b 

70 

71 

174 

264 

373 

93.6 

91.2 

94.0 

91.5 

86.8 

82.5 

122.6 

120.8 

123.0 

110.6 

97.9 

85.9 

122.6 

120.8 

123.0 

110.6 

97.9 

85.9 

123.6 

121.8 

124.0 

111.1 

97.9 

85.9 

■230 

-190 

-130 

-74 

-71  b 

71 

72 

89.2 

90.7 

92.8 

88.0 

94.0 

94.0 

93.6 

93.8 

102.6 

112.0 

118.5 

123.0 

123.0 

122.6 

93.8 

102.6 

112.0 

118.5 

123.0 

123.0 

122.6 

93.8 

102.6 

113.0 

119.5 

124.0 

124.0 

123.6 

68  b 

69 

70 

71 

174 

264 

373 

93.6 

93.8 

91.2 

94.0 

91.5 

868 

77.9 

94.6 

94.8 

92.2 

95.0 

94.1 

88.9 

77.9 

102.6 

102.8 

100.8 

103.0 

98.1 

88.9 

77  Q 

-384 

-286 

-180 

-171 

-77  b 

71 

75 

2.79 

4.0 

6.5 

9.0 

9.0 

16.3 

17.6 

21.1 

24.0 

24.0 

27.2 

28.6 

32.7 

36.0 

36.0 

51.6 

53.1 

58.9 

63.0 

63.0 

93.2 

95.0 

103.5 

109.0 

109.0 

103.2 

105.0 

114.2 

120.0 

120.0 

a A negative  sign  preceding  the  temperature  is  used  to  signify 
materials  data  appropriate  for  load  conditions  having  the  lower 
surface  in  compression. 

b Tempera  ire  callouts  from  68°  to  77°  F are  used  to  identify 
sets  of  room  temperature  allowables  corrected  for  stresses 
induced  by  thermal  gradients. 
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Table  W 


Temperature  Design  Data 


Load  case  a 

b Temperature,  °F 

— 

Element  subsets  affected 

TWOPTBR 

71  c 

E17,  E 19,  E21,  E25  spars 

REVBRAIL 

E33,  E35,  E37  covers,  E38  g plate 

GRTURNR 

71 

E34  covers 

GRTURNL 

- 171 

E28  covers 

nwhyawr 

N WHY AWL 

TAXIN23 

LATGSTR 

71 

Whole  structure 

PMVA704 

71 

LATGSTL 

71 

ELEV717 

71 

RUDMN1R 

71 

RUOMN1L 

71 

RUDMN2R 

71 

RUDMN2L 

71 

RUDMN3R 

71 

RUDMN3L 

71 

FMVF743 

71 

PMVA732 

71 

PMVA717 

71 

NMVH704 

250 

E 17,  E 19,  E2  1 , E25  spars 

264 

E33,  E35,  E37  covers;  E38g-plates 

190 

E34  covers 

286 

E28  covers 

NMVC682 

250 

El 7,  E19,  E21 , E25  spars 

174 

E33,  E35,  E37  covers.  E38  g plates 

-130 

E34  covers 

-180 

E28  covers 

NMVH657 

250 

E 17,  E 19,  E21,  E25  spars 

373 

E33,  E35,  E37  covers,  E33  g plates 

- 230 

E34  covers 

381 

E28  covers 

FMVF465 

71 

E 17,  E 19.  E21,  E25  spars 

68 

E33,  E35,  E37  covers,  E38  g pla*  ’s 

72 

E34  covers 

75 

E28  covers 

NMVC465 

71 

E 17,  E 19.  E21 , E25  spars 

70 

E33,  E35,  E37  covers,  E38g-plates 

- 74 

E34  covers 

77 

E28  covers 

a See  table  10-2  for  definition  of  load  cases. 


b A negative  sign  preceding  the  temperature  is  used  to  signify 
materials  data  appropriate  for  load  conditions  having  the  lower 
surface  in  compression. 

c Temperature  callouts  from  68°oto  77°  F are  used  to  identify 
sets  of  room  temperature  allowables  corrected  for  stresses 
induced  by  thermal  gradients. 
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Figure  10-1.-  Typical  Mechanical  Properties 
(Including  thermal  stress  decrements) 
Ti-6AI-4V,  condition  1 


Figure  10-4.  -Wing  Spar  Element  Subsets 
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Figure  1 0-5. -Wing  Cover  Element  Subsets 
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Figure  10-6.- Internal  Loads  and  Stress  Analyses  Sequence 
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1 


Honeycomb  panel 
face  sheet 


_ Inner 

Des,9"  thickness, 
cycle  . 


Outer 

thickness, 

in. 


Integral  skin- 
stiffener  panel 

Skin  Stiffener-to- 

thickness,  skin  area 
in.  ratio 


0.020  (lower  surface) 
0.015  (upper  surface 
and  fin) 


2.41t-0.016 


Cycle  2 
value 


Corrugated  or 
sheet-stiffener  spar 

Web 

gage, 

in. 

Chord 

crea, 

m2 

0.020 

As 

initially 

sized 

E> 

1 

0.25  of  area 
of  larger 
adjacent 
skin  panel 

Cycle  2 
value 

tt>  0.020  except  for  corrugated  webs  in  fuel  tanks 

which  are  designed  by  6 g crash  or  refueling  overpressure. 


Figure  10  7.  Element  Lower  Bound  Constraints 
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Figure  10-9.  Cntica!  Design  Conditions 
Upper  Surface 
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Figure  10-1 0. -Critical  Design  Conditions 
Lower  Surface 
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Figure  10-12— Effect  of  Resizing  on  Wing  Spar  Theoretical  Weight 
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Figure  1M3— Effect  of  Resizing  on  Wing  Pane I Theoretical  Weight 
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SECTION  11 


FLUTTER  ANALYSIS 


FLUTTER  ANALYSIS  SUMMARY 

Sufficient  detail  as  determined  from  experience  on  the  National  SST,  was  included  in 
the  structural  model  to  yield  realistic  analytical  wing  flutter  results,  as  explained  at 
the  start  of  Section  7,  and  displayed  in  figures  7-1  and  7-2.  There  were  two  phases  to 
accomplishing  the  flutter  analyses. 

A preliminary  flutter  analysis  phase  followed  the  structural  flexibility  and  airplane 
vibration  mode  calculations  which  validated  the  complex  Arrow  Wing  mathematical 
model.  It  was  performed  for  the  symmetric,  high  gross  weight  condition  at  M = 0.9  since 
this  was  the  most  critical  condition  from  previous  studies.  The  following  states  of  the 
structural  model  were  analyzed: 

1.  As  initially  sized  to  modified  969-336C  loads  and  with  strength  design  engine 
beams. 

2.  As  revised  for  FLEXSTAB  static  aeroelastic  analysis  with  doubled  wing  tip 
stiffness,  quadrupled  low  speed  aileron  cover  gage  and  engine  beams  stiffened  to 
1.5  times  the  strength  design  value. 

3.  With  an  additional  increase  in  engine  beam  stiffness  to  4.5  times  the  strength 
design  value. 

This  preliminary  flutter  analysis  checked  the  soundness  of  the  flutter  analysis 
procedure,  provided  early  insight  into  characteristics  of  the  Arrow  Wing  flutter  modes, 
and  allowed  a limited  study  of  the  influence  on  wing  symmetric  flutter  of  airplane 
components  such  as  the  flexible  wing  fin,  flexibly  mounted  engine  nacelles  and  the 
unsteady  airloads  of  the  horizontal  tail  and  the  wing  fin.  The  flutter  speed  with  initial 
sizing  was  more  than  300  knots  EAS  below  the  M=0.9  design  requirement.  Little 
improvement  was  achieved  from  the  preliminary  stiffness  resize  for  FLEXSTAB,  but 
with  engine  beams  stiffened  further,  the  flutter  speed  was  only  about  100  knots  EAS 
below  the  M=0.9  design  requirement.  This  in  fact  bettered  the  bare  wing  flutter  speed 
(minus  wing  fins  and  nacelles)  ‘or  state  (2)  above. 

The  final  flutter  analysis  phase  followed  completion  of  the  automated  strength  resize  of 
wing  primary  structure.  Before  proceeding,  however,  some  overriding  stiffness 
requirements  were  imposed  on  the  structural  model,  because  the  preliminary  flutter 
analysis  had  indicated  that  the  strength  design  would  have  a low  flutter  speed.  These 
modifications  comprised  the  stiffened  wing  tip  and  low-speed  aileron  that  had  been 
adopted  prior  to  the  FLEXSTAB  aeroelastic  loads  analysis,  and  engine  beams  stiffened 
to  4.5  times  the  strength  design  value.  In  addition  locks  for  high  sp^ed  flight  were 
incorporated  on  the  low-speed  aileron  and  outboard  flaperon.  With  these  stiffness 


i 
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constraints,  the  effect  of  strength  resizing  was  only  a slight  decrease  in  flutter  speed 
from  the  preliminary  result  with  stiffened  engine  beams,  state  (3)  above. 

As  the  analysis  proceeded,  a systematic  set  of  further  stiffness  design  modifications, 
based  on  engineering  judgement,  were  made  to  remove  the  wing  flutter  deficiency.  No 
reduction  in  gages  or  member  sizes  below  the  values  specified  for  strength  were  allowed. 
This  analytical  work  to  satisfy  flutter  criteria  was  first  confined  to  the  symmetric,  high 
gross  weight  condition  at  M = 0.9.  L was  finally  concluded  that  further  efforts  to 
increase  the  flutter  speed  of  the  critical  1.9-Hz  wing  flutter  mode,  via  structural 
changes  based  on  engineering  judgement,  would  produce  an  unrealistically  high  weight 
penalty.  Hence  it  was  proposed  that  the  subsonic  dive  placard  be  reduced  by  50  knots 
EAS  to  achieve  flutter  clearance.  Undoubtedly  a substantially  higher  placard  could  be 
achieved  without  additional  weight  increment,  by  utilizing  formal  optimization 
techniques.  This  approach  could  be  easily  justified  on  an  aircraft  development  program. 
The  reduced  placard  would  impose  a range  decrease  of  25  nautical  miles  with  fixed  fuel 
loading,  or  an  increase  of  1297  lbs.  in  fuel  loading  for  constant  range. 

The  structure  with  the  latest  stiffness  design  modifications  was  then  analysed  for 
symmetric  flutter  at  low  gross  weight  and  for  antisymmetric  flutter  at  both  high  and 
low  gross  weights  and  M = 0.9.  This  confirmed  that  the  symmetric,  high  gross  weight 
condition  is  critical.  Flutter  analyses  were  then  conducted  for  that  condition  at  other 
Mach  numbers.  The  resulting  flutter  boundary  for  the  969-512B  configuration  with 
titanium  structure  (1975  technology)  appears  in  figure  11-1.  Budget  limitations 
prevented  determination  of  the  flutter  boundaries  over  the  Mach  number  range  for  the 
conditions  not  critical  at  M = 0.9.  Figure  11-2  shows,  in  terms  of  flutter  speed  ratio 
relative  to  the  original  goal  of  504  knots  EAS,  the  sensitivity,  to  configuration  features 
and  structural  changes,  of  the  critical  1.9  Hz,  symmetric,  high  gross  weight,  wing 
flutter  mode  at  M = 0.9. 

The  stiffness  design  modifications  to  provide  flutter  clearance  are  summarized  in 
figure  11-3.  The  penalty  associated  with  this  Task  11  stiffness  design  is  equivalent  to 
10,223  lbs  per  aircraft  including  2953  lbs  weight  equivalent  of  a 1.3  drag  count  increase 
for  thickening  the  wing  tip. 

FLUTTER  ANALYSIS  PRC  EDURE 

Figure  11-4  is  a flow  chart  showing  the  integrated  flutter  analysis  procedure.  Flutter 
results  were  obtainable  in  a single  computer  run  starting  with  the  complex  ATLAS 
stiffness  and  mass  models,  incorporating  stiffness  or  mass  modifications,  progressing 
through  generation  of  reduced  stiffness  and  mass  distribution  matrices,  solution  for 
airplane  vibration  modes,  interfacing  to  the  generation  of  unsteady  airforces  for  all 
lifting  surfaces  and  finally,  solution  of  the  flutter  equations  and  interpretation  of  the 
flutter  mechanism.  In  order  to  accompli  *h  this  degree  of  analysis  integration,  two 
things  were  necessary.  First,  user  control  deck  procedures  were  developed,  b »th  to 
enhance  the  ATLAS  2 system  as  shown  in  figure  11-4,  and  to  interface  with  Boeing 
Flutter  Library  programs.  Secondly,  that  interfacing  was  facilitated  by  the  versatile 
applications  monitor  of  the  CDU  6600  CYBER  computer  system. 
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A generalized  coordinate  approach  was  used  in  formulating  the  flutter  equations,  with  a 
truncated  set  of  airplane  vibration  modes,  the  first  eighteen  symmetric  or  seventeen 
antisymmetric,  together  with  the  relevant  rigid  airplane  degrees  of  freedom  for 
symmetric  and  antisymmetric  cases.  The  vibration  mode  shapes  were  interpolated  from 
structural  to  aerodynamic  grids.  Subsonic  kernel-function  and  supersonic  Mach  box 
versions  of  unsteady  lifting  surface  theory  were  used  to  calculate  generalized  airforces. 
The  Q-R  algorithm  was  used  to  solve  the  complex  eigenvalue  flutter  problem.  Standard 
Atmosphere  constant  altitude  classical  V-g  flutter  solutions  were  cross-plotted  to  match 
the  Mach  number  of  the  unsteady  airforces  and  this  result  was  confirmed  by  an 
automated  flutter  solution  routine  based  on  the  Nyquist  criterion.  The  generalized  force 
loops  of  the  flutter  mode,  showing  the  dynamical  freedom  interaction  created  by  the 
unsteady  airforces,  and  the  associated  energy  balance  at  neutral  stability  were  then 
obtained. 

The  stiffness  modifications  which  were  made  in  meeting  flutter  criteria  were  based  on 
engineering  judgment.  These  judgments  were  aided  by  interpretation  of  the  flutter 
mechanism  energy  compatibility,  which  highlighted  the  vibration  modes  important  to 
the  flutter  mechanism.  Frequency  coupling  on  the  V-g  solution  frequency-speed  plots 
showed  which  of  these  modes  required  stiffening.  Inspection  for  high  strain  regions  in 
those  mode  shapes  allowed  effective  stiffening  to  be  achieved  for  c > trolling  frequency 
coupling.  This  process  would  have  been  much  more  effective  if  distributions  of  strain 
energy  density  for  mode  shapes  were  available  from  ATLAS.  Indeed,  it  is  recommended 
that  future  development  plans  for  ATLAS  include  3uch  calculations,  not  only  for 
vibration  mode  shapes  but  for  mode  shapes  with  phase  lags,  such  as  flutter  modes  or 
dynamic  response  vectors. 

RETAINED  FREEDOMS  AND  VIBRATION  ANALYSIS 
CHOICE  OF  RETAINED  FREEDOMS 

The  following  considerations  affected  the  choice  of  retained  freedoms  for  the  vibration 
analyses  which  provided  the  free  rigid  airplane  and  the  elastic  airplane  generalized 
coordinates  used  in  the  flutter  analyses: 

1.  Maximum  commonality  between  a half-model  225  reduced  freedom  symmetric  case 
(table  11-1)  and  260  reduced  freedom  antisymmetric  case  (table  11-2),  constrained 
by  a CDC  6600/CYBER  core  size  limitation  on  the  maximum  number  of  freedoms 
in  the  ATLAS  2 vibration  module. 

2.  An  adequate  number  of  judiciously  spaced  wing  vertical  translation  freedoms,  to 
provide  representative  distributed  mass  from  the  consequent  mass-lumping  mosaic, 
figure  11-5,  of  the  ATLAS  ^ Uomated  paneling  algorithm,  without  any  unduly 
large  lumped  masses  promoting  local  resonances. 

3.  Correct  loading  from  major  localized  masses,  such  as  the  landing  gear 

4.  Full  six  degree-of-freedom  motion  for  the  underslung  engines  to  feed  their  inertia 
loads  into  the  wing  correctly. 
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5.  Provision  for  a sufficient  number  of  "beam  splines/*  figure  11-6,  for  interpolating 
vibration  mode  shapes  from  the  structural  grid  to  unsteady  aerodynamic  grids. 

6.  A sufficient  distribution  of  points  aiound  the  wing  planform  edges,  figure  11-7,  to 
minimize  extrapolation  of  vibration  mode  shapes  in  transferring  this  data  from 
structural  to  unsteady  aerodynamic  grids. 

7.  Adequate  distribution  sampling  of  only  first  order  body  deflections,  namely  vertical 
translation  freedoms  for  the  symmetric  case  and  side  translation  and  torsional 
freedoms  for  the  antisymmetric  case. 

8.  Including  dominant  inertia  loading  at  the  centers  of  gravity  of  the  rigid  horizontal 
and  vertical  tails:  that  is,  from  vertical  translation  and  pitch  in  the  symmetric 
case,  and  side  translation,  yaw  . nd  roll  in  the  antisymmetric  case,  with  the 
addition  of  horizontal  tail  vertical  and  fore-and-aft  translations  antisymmetrically, 

9.  Incorporation  of  the  kinetic  energy  from  wing  fin  and  wing  inplane  motions. 

NACELLE  FORE-AND-AFT  MOTION 

Since  fore-and-aft  freedoms  of  the  half-model  were  retained  only  for  the  nacelles  (with 
the  exception  discussed  in  the  next  paragraph,)  and  the  free  rigid  airplane  fore-and-aft 
freedom  is  unimportant  in  a flutter  analysis,  this  latter  freedom  was  suppressed  in  the 
symmetric  case  via  a fore-and-aft  support  on  a body  centerline  node  near  the  ^ irplane 
eg.  This  expedient  was  used  to  obtain  correct  phasing  of  fore-and-aft  motion  for  the  two 
nacelles  in  the  half-model  rather  than  lumping  the  rest  of  the  half-airplane  mass  at  its 
eg  and  retaining  its  fore-and-aft  freedom  to  balance  the  fore-and-aft  inertia  loads  of 
both  nacelles.  One  or  the  other  of  these  procedures  must  be  applied,  otherwise  the 
ATLAS  vibration  module,  unable  to  sense  the  half-model  of  a bilaterally  symmetric 
system  from  the  dynamic  matrix,  would  put  the  fore-and-aft  motion  of  the  half-model 
nacelle  masses  into  antiphase  in  every  vibration  mode,  disturbing  the  true  dynamic 
coupling.  Again,  were  all  the  fore-and-aft  freedoms  of  the  half-model  retained,  the 
problem  wou  - not  arise,  but  this  was  impossible  for  the  analysis  at  hand  because  of 
matrix  nze  limitations. 

WING  FIN  AND  WING  IN-PLANE  MOTIONS 

Interaction  of  the  in-plane  wing  fin  inertia  loads  with  the  wing  also  demanded  special 
attention  to  stay  within  matrix  size  limitations.  This  interaction  i?  re»  resented  in  the 
analysis  by  lumping  the  fin  in-plane  translational  and  rotational  inertias  at  a single 
node  located  at  its  eg.  However,  this  duplicates  the  wing  fin  mass,  which  is  distributed 
for  lateral  distortion  and  localized  for  in-plane  motions,  and  therefore  necessitates 
special  treatment  to  avoid  an  error  in  the  airplane  total  mass  matrix  from  the  ATLAS 
mass  module.  The  same  condition  exists  in  the  antisymmetric  case  for  the  wing  mass  as 
well;  that  is,  it  is  distributed  for  vertical  deflections  and  localized  at  its  eg  for  in-plane 
moti»  ns  c orrect  overall  inertia  balance  would  not  exist  without  this  treatment  >ecause 
the  retained  distributed  freedoms  are  judiciousl>  chosen  and  deliberately  uicon  plete  in 
order  to  stay  within  matrix  size  limitations.  To  state  it  another  way,  the  wing  and  wing 
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fin  are  considered  flexible  for  out-of-plane  motions  and  rigid  for  in-plane  motions,  "o 
obtain  correct  dynamic  simulation  while  economizing  on  the  required  number  of 
retained  freedoms.  It  should  be  noted  that  the  in-plane  t^quo  loads  were  displaced  to 
nodes  where  such  loads  could  be  carried. 

The  ATLAS  3 total  mass  matrix  is  used  in  decoupling  the  rigid  airplane  freedoms  that 
emerge  from  the  vibration  module.  The  error  from  the  above  duplicated  mass  that  would 
otherwise  arise  in  the  ATLAS  3 total  mass  matrix  is  avoided  using  ' dummy  BC  Data,” 
Stages  3 and  5 of  table  11-3,  together  with  compatible  concentrated  mass  data  cards  for 
the  ATLAS  mass  module  where  "dummy  inertias”  equal  to  the  weight  are  used  to 
represent  the  localized  weight  that  is  duplicating  a set  of  distributed  weights.  The 
"dummy  BC  Data  Stages”  have  "dummy  rotation  freedi  s,”  corresponding  to  the 
"dummy  inertias,”  at  the  same  row/column  matrix  location  as  the  translation  freedoms 
in  reduced  stiffness  BC  Data  Stages  4 and  6,  for  the  duplicating  localised  masses  This 
is  currently  the  best  way  in  the  ATLAS  program  system,  of  excluding  from  the  tot«*l 
mass  matrix  a specialized  mass  needed  only  for  the  vibration  model.  Figure  11-8  and 
table  11-4  summarize  the  procedure  used  for  incorporating  rigid  in-plane  motions.  It  is 
recommended  that  future  versions  of  ATLAS  allow  such  duplicating  masses  to  be 
excluded  from  the  total  mass  matrix  more  directly. 

RIGID  AIRPLANE  ANTISYMMETRIC  ROTATION  MODES 

The  lack  of  an  adequate  mode  interpolation  routine  in  the  early  stages  of  development 
of  the  ATLAS  3 system  forced  the  use  of  ATLAS  2 for  determining  vibr  >n  modes.  It 
was  not  possible,  using  the  free-free  stiffness  matrix  option  of  the  ATLAo  2 vibration 
module,  to  decouple  rigid  airplane  freedoms  for  roll  and  yaw  in  the  antisymmetric  case. 
Thus,  these  freedoms  appear  as  dominantly  roll  and  dominantly  yaw  of  the  rigid 
airplane.  A much  improved  "beam-spline”  mode  interpolation  rou  in^  has  since  been 
developed  for  ATLAS  3 to  transfer  vibration  mode  data  from  stru  turai  to  unsteady 
aerodynamic  grids  so  that  ATL^iS  3 boundary  condition  data  matching  that  used  in 
ATLAS  2 has  been  incorporated  in  the  "Data  Tape”  supplied  to  NASA  during  Task  II. 
Rigid  airplane  roll  and  yaw  freedoms  can  be  decoupled  in  ATLAS  3. 

Table  11-3  shows  the  ATLAS  3 BC  Data  otages  4 and  6 which  match*  respectively,  the 
symmetric  and  antisymmetric  retained  freedoms  that  appear  in  tables  11-1  and  11-2, 
respectively.  Whereas  these  ATLAS  3 BC  Data  Stages  4 and  6 are  pertinent  to  direct 
free-free  stiffness  matrices,  this  procedure  was  not  available  in  the  stiffness  me  lule  of 
ATLAS  2 and  those  matrices  were  obtained  via  a user  control  deck  procedure  after  first 
obtaining  corresponding  flexibility  matrices  for  the  airplane  on  fore-and-aft  bo^ 
supports.  In  either  event,  the  ATLAS  mass  module  Condition  Data  sets  up  n*  - 
matrices  matching  the  free-free  stiffness  matrices,  for  use  when  solving  for  a 
vibration  The  body  support  freedoms  used  for  this  contract  are  located  at  the  end  of  the 
free-free  set. 

AIRPLANE  VIBRATION  MODES 

Vibration  mode  frequencies  for  the  Arrow  Wing  with  final  stiffness  rmdificaf ions 
appear  in  table  11-5,  the  corresponding  mode  shapes  in  table  1 1-6  end  m<  shapes  for 
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the  symmetric,  high  gross  weight  case  in  figures  11-9  through  11-26.  Symmetric  and 
antisymmetric  cases  were  analyzed  for  light  and  heavy  airplane  gross  weight 
conditions. 

MODE  SHAPE  INTERPOLATION  TO  AERODYNAMIC  GRIDS 

1%.  s-r/.i  ncv  v ith  which  the  m,  jte  shapes  generated  in  a vibration  analysis  and 
uefm'  : on  , ov* uctural  grir!  interpolated  to  obtain  deflections  and  chordwise  slopes 
at  the  grid  points  required  b unsteady  aerodynamics  programs  is  critical  for  the 
accuracy  of  a Putter  analysis.  The  complication  of  camber  bending  of  a low-aspect  ratio 
wing,  over  and  above  the  spanwise  deflections,  puts  further  special  demands  on  the 
mode  interpolation  process.  The  sensitivity  of  the  unsteady  aerodynamics  to  such 
camber  bending  and  the  fact  that  some  of  the  required  unstead>  aerodynamics  grid 
point*  need  be  very  close  to  the  planform  edges  necessitates  some  combination  of 
careful  extrapolation  of  mode  shapes  and  modeling  of  structure  as  close  to  the  edges  of 
the  planform  as  possible.  This  somewhat  arbitrarily  stiff  edge  structure  must  not  be 
overloaded  in  the  vibration  modes  <nor.  for  that  matter,  in  the  static  aeroelastic 
analysis).  It  should  be  k aUed  that  only  vertical  translation  displacements  were 
retained  at  the  win*  structural  grid  and  both  such  displacements  and  consistent 
chordwise  slopes  mu;  stained  at  the  unsteady  aerodynamics  grid  points. 

T^  K>ae  interpolation  programs  a^e  available  in  the  ATLAS  2 Boeing  Flutter  Library 
program  &>-tem  which  was  used  foi  the  Arrow  Wing  flutter  analysis  and  they  will  be 
described  briefly  in  a discussion  of  the  procedure  adopted  for  mode  interpolation. 

NASA  SURF  A v iv  SPLINE  INTERPOLATION  PROGRAM 

This  program  is  contained  in  the  Bceing  Flutter  Library  RHO  III  subsonic 
surrace  unsteady  airforces  program.  It  is  also  available  in  stand-alone  form  for  use  with 
the  Mach  Box  supersonic  unsteady  airforces  program.  It  forces  a simply  supported 
flexible  plate  of  infinite  extent  through  all  the  input  structural  grid  points. 
Examination  of  the  output  displacement  shape  shows  serious  errors  as  the  edge  is 
approached  for  wing  regions  with  discontinuous  displacerr  r.ts.  such  as  the  vicinity  of 
the  nacelles.  The  errors  detectable  in  such  regions  an  symptomatic  of  a serious 
shortcoming  in  the  nature  of  surface  spline  interpolation.  This  shortcoming  can  affect 
tht  accuracy  of  the  interpolated  chordwise  slopes  around  the  edges  of  the  entire  lifting 
surface  planform  It  is  occasioned  by  the  fact  that  he  interpolation  plate  deflections 
degenerate  to  a mean  plane  much  too  close  to  the  edge  structure  grid  points  used  to 
define  tht  vibration  modes  of  a lifting  surface  This  effect  can  even  reverse  the  algebraic 
sign  of  the  local  slope  near  the  edge,  completely  invalidating  any  mode  shape 
extrapolation  in  such  regions.  Figure  ll-27(a).  with  seven  input  points  per  chord  shows 
such  edge  slope  sign  reversal  at  the  nacelle  stat;  ns.  despite  precautions  taken  to 
nr  utnize  errors  bv  moiling  structure  close  to  the  planform  edges  Figure  1 1 -27( b), 
with  nine  input  peirts  per  chord,  shows  the  improvement  in  surface  spline  euge  slope 
output  in  the  vicinity  of  tfn  nacelles  with  added  ’nput  points  off  the  edge  of  the 
planform  in  the  < ’ advise  direction.  These  added  input  points,  and  inoe^  all  the  input 
points  to  thi  su.  spline  interpolation  subroutine  of  Rho  III  were  obtained  by  first 
processing  the  vibration  mode  data  at  the  structural  grid  using  *he  other  mode 


interpolation  program  in  the  ATLAS  2/ Boeing  Flutter  Library  system,  the  Beam-Spline 
Interpolation  Module  of  ATLAS  2.  In  order  to  minimize  surface  spline  interpolation 
errors,  its  input  points,  other  than  points  off  the  planform,  were  made  to  coincide  with 
the  non-uniformly  distributed  seven  downwash  points  on  each  of  nine  downwash  chords 
used  in  Rho  III  for  the  wing  as  shown  in  figure  11-28.  The  other  lifting  surfaces  shown 
were  treated  similarly. 

ATLAS  2 BEAM-SPLINE  INTERPOLATION  MODULE 

Rath  than  surface  interpolation,  this  program  contains  a matrix  scheme  using 
two-way  beam-splines  for  transferring  modal  data  from  structural  to  aerodynamic  grids. 
It  requires  a set  of  beams,  which  can  coincide  with  existing  structure,  running  in  a 
more  or  less  spanwise  direction.  With  mode  displacement  input  points  treated  as 
"supports,”  the  desired  output  chords  become  secondary  beam-splines  which  must 
intersect  two  or  more  input  beams  or  their  extrapolation  at  the  wing  tip  The  input 
beam-splines  should  pass  through  as  regular  a pattern  of  the  retained  structural  nodes 
as  possible,  to  improve  numerical  conditioning  during  the  interpolation  process. 
Figure  11-6  shows  the  wing  and  wing-fin  beam-spline  patterns  used.  These  surfaces  and 
the  slab  tail  surfaces,  which  are  not  shown,  required  only  two  input  beam-splines  each. 
The  wing  input  beam-spline  pattern  comprises  14]  wing  retained  nodes  and  18  body 
retained  nodes.  Based  on  geometry  alone,  this  program  forms  an  interpolation 
transformation  between  a set  of  input  and  output  points,  which  can  be  used  for  any  set 
of  mode  shapes..  Chordwise  extrapolation  is  achieved  using  the  interpolation  function 
for  the  secondary  splines.  Limited  "beam-spline"  extrapolation  to  points  8.65^ 
semichord  beyond  the  leading  and  trailing  edges  was  used  for  tb  extra  off-planform 
input  points  required  to  control  the  surface  spline  interpolation  in  Rho  III,  as  discussed 
previously.  Modal  interpolation  for  the  Mach  Box  patterns  in  figures  11-29  and  11-30, 
comprising  roughly  200  boxes  each,  was  accomplished  using  the  beam-spline  program 
directly. 


PRELIMINARY  FLUTTER  APPRAISAL 

This  first  phase  of  the  flutter  analysis  considered  only  one  airplane  condition  but  it  was 
conducted  in  as  much  depth  as  the  final  phase.  It  was  preliminary  only  in  the  sense  that 
it  was  performed  immediately  after  the  complex  structural  model  with  initial  sizing  had 
~en  set  up  and  validated.  Wing  flutter  considerations,  from  experience  gained  on  the 
National  SST  program  for  realistic  flutter  results,  dictated  the  considerable  and 
essential  detail  incorporated  in  the  structural  mode!  as  discussed  in  Section  7.  Unsteady 
airforces  were  generated  using  the  Rho  III  subsonic  kernel  function  program,  which  has 
been  >alidated  extensively  by  comparing  analytical  flutter  results  against  flutter  model 
tests.  Flutter  solutions  were  obtained  which  matched  the  Mach  number  of  the  unsteady 
airforces.  The  preliminary  flutter  analysis  was  confined  to  the  symmetric,  high  gross 
weight  condition,  which  was  judged  likely  to  be  the  critical  case,  and  to  a high  subsonic 
Mach  number,  M - 0.9.  Supersonic  flutter  analysis,  using  a refined  Mach  box  unsteady 
airforce  program,  was  deferred  until  the  Subsonic  flutter  boundary  was  determined.  The 
downwash  collocation  points  sed  on  all  surfaces  for  subsonic  unsteady  airforces  are 
shown  in  figure  11-28.  Downwash  chords  were  c^refuilv  located  to  sample  structural 
distortion  as  well  is  possible.  Airplane  plunge  and  pitch  and  the  first  eighteen 
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symmetric  airplane  vibration  modes  were  used  as  generalized  coordinates  in  setting  up 
the  flutter  equations.  The  results  of  the  preliminary  flutter  analysis  are  shown  in 
f gure  11-31  and  table  11-8. 

FLUTTER  WITH  INITIAL  STRUCTURAL  SIZING 

The  flutter  speed  with  initial  sizing  of  the  structural  model  was  180  knots  EAS  at  a 
frequency  of  1 .9-Hz,  more  than  300  knots  EAS  below  the  design  requirement  at  M = 

0. 9.  An  appraisal  of  the  flutter  mode  showed  large  amplitude  nacelle  motion  as  well  as 
large  energy  inputs  f*om  excessive  wing  tip  distortion  and  wind-up  of  the  low  speed 
aileron  relative  to  he  inboard  location  of  its  actuator  . These  high  flexibilities  were 
also  very  apparent  in  the  flexibility  influence  coefficients  and  the  vibration  mode 
shapes. 

FLUTTER  WITH  PRELIMINARY  STIFFNESS  RESIZE 

As  a result  of  the  initial  assessment  of  flexibilities  and  preliminary  vibration  analysis, 
it  was  decided  to  stiffen  structure  in  three  areas  before  initiating  the  FLEXSTAB 
aeroelastic  loads  analysis: 

1.  In  the  wing  tip  outboard  of  the  wing-fin,  spars  a**d  covers  of  main  box  and 
secondary  structure  behind  the  rear  spar  were  doubled. 

2.  The  low  speed  aileron  covers  were  quadrupled  to  minimize  wind-up  relative  to  the 
inboard  location  of  its  actuators. 

3.  The  strength  designed  nacelle  support  beams  were  stiffened  by  a factor  of  1.5  to 
roughly  9,000  lb/in,  defined  at  the  rear  mount  location  with  the  beam  cantilevered 
at  the  wing  rear  spar. 

Little  improvement  in  flutter  speed  of  the  critical  low  frequency  mode  was  obtained 
with  this  preliminar)  * tiffness  resize;  it  rose  to  217  knots  EAS,  still  nearly  300  knots 
EAS  below  the  M = ".9  design  requirement.  However,  the  flutter  speed  of  non-critical 
overtone  flutter  modes  did  rise  appropriately  with  the  stiffened  wing  tip,  as  can  be  seen 
for  this  condition  in  table  11-8. 

FLUTTER  WITH  STIFF  ENGINE  BEAMS 

Experience  from  the  National  SST  program  indicated  that  the  critical  low  frequency 
flutter  mode  would  not  be  controlled  without  further  stiffening  of  the  engine  beams 
which  are  cantilevered  off  the  wing  rear  spar.  The  engine  beams  were  therefore 
stiffened  by  a factor  of  4.5  over  the  strength  design  value  to  roughly  27,000  lb/in, 
defined  at  the  rear  mount  location  with  the  beam  cantilevered  at  the  wing  rear  spar. 
The  flutter  speed  of  the  critical  low  frequency  flitter  mode  rose  dramatically  to  412 
knots  EAS,  roughly  100  knots  EAS  below  the  1.2  Vp  design  -°quirement  at  M - 0.9  and 
better  than  the  bare  wing  flutter  oPeed  as  shown  in  figure  11-31.  The  stiffened  engine 
beams  were  responsible  for  a dramatic  change  in  modes  5,  6 and  7 as  illustrated  in 
figure!  1-32.  ther  mode  shapes  were  practically  unaffected.  Frequencie  are 

tabulated  in  taulell-7.  It  is  the  decoupling  of  the  outboard  nacelle  resonance  from 
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mode  5 that  is  mainly  responsible  for  the  improved  flutter  speed  with  stiff  engine 
beams. 

It  must  be  noted  that  the  "flutter  option”  of  the  ATLAS  design  module  was  used  to 
factor  up  initial  element  sizing  in  achieving  both  the  preliminary  stiffness  resize  and 
the  stiff  engine  beam  condition.  This  results  in  sharp  sizing  discontinuities  between 
neighboring  finite  elements  and  finite  elements  for  the  engine  beams  with  stiffnesses 
which  cannot  be  achieved  with  the  original  titanium  beam  concept.  That  probler  * was 
overcome  on  the  National  SST  Program  by  addition  of  Borsic  Aluminum  composite 
reinforcement  to  the  engine  beam  chords.  In  the  ATLAS  analysis,  the  engine  beam 
weight,  being  outside  the  wing  main  box,  was  included  separately  with  the  mass 
elements  in  the  ATLAS  mass  module. 

CONFIGURATION  FLUTTER  SENSITIVITY 
EFFECT  OF  ENGINE  MOUNTING  ON  WING  FLUTTER  SPEED 

The  preliminary  wing  flutter  am  lysis  with  initially  sized  structure  showed  significant 
effects  of  engine  support  flexibility  on  w ing  flutter  speed,  figure  11-33.  With  soft  engine 
beams  (vertical  stiffness  at  rear  engine  mount  of  about  6 kips  in)  vertical  motions  of  the 
outboard  engines  are  relatively  large  at  the  wing  flutter  frequency.  If  the  trailing  edge 
of  the  wing  is  attached  to  the  nacelle,  changes  in  airload  distribution  induced  by 
trailing  edge  motion  (analogous  to  the  displacement  of  a flap,  driven  by  engine  inertia) 
have  a destabilizing  effect  on  wing  flutter.  If  the  trailing  edge  structure  could  be 
detached  from  the  nacelles,  the  wing  flutter  speed  would  be  relatively  insensitive  to 
engine  support  flexil  lity.  However,  that  is  very  difficult  to  achieve  with  present  engine 
locations.  With  relatively  stiff  engine  beams  (approximatley  27  kips  in)  the  flutter  speed 
is  insenstitive  to  the  attachment  of  trailing  edge  structure  to  the  nacelle. 

FLUTTER  INFLUENCE  OF  AIRPLANE  COMPONENTS 

A limited  sensitivity  study  was  conducted  to  evaluate  the  influence  of  airplane 
components  on  symmetric  wing  flutter  for  the  preliminary  stiffness  resize  condition 
with  strength  designed  engine  beams  stiffened  by  a factor  of  1.5.  ATLAS  user  control 
deck  and  mass  module  ”Condi*‘o.'  Data”  capability  was  exploited  to  set  up  in  a single 
computer  run  the  vibration  modes  for  four  different  ;rplane  "configurations” 
approximately,  replacing  the  actual  weights  of  missing”  components  with  1 lb  weights. 
The  "configurations”  were: 

1.  Airplane  without  wing  fins  and  nacelles  (bare  wing) 

2.  Airplane  with  wing  fins  but  without  nacelles. 

3.  Airplane  with  w ing  fins  and  inboard  nacelles  but  without  outboard  nacelles. 

4.  Complete  airplane. 

Only  wing  unsteady  airfares  were  used  in  flutter  analyses  for  the  first  three 
"configurations,”  while  the  effects  of  adding  first  horizontal  tail  «nd  then  wing  fin 
unsteady  airforces  were  investigated  for  the  complete  airplane,  ^ig^re  11-34  slows  the 
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influence  of  the  selected  airplane  components  on  wing  symmetric  flutter  and  points  up 
the  highly  destabilizing  influence  of  the  outboard  nacelles,  the  small  favorable  effect  of 
tail  damping,  and  the  relatively  decoupled  effect  of  the  wing  fins.  The  effect  of  removed 
inboard  nacelles  while  outboard  nacelles  are  attached  was  not  investigated.  These 
results  were  obtained  for  a constant  altitude  of  23000  ft.  with  unsteady  aerodynamics 
for  M = 0.9. 

FINAL  FLUTTER  ANALYSIS  AND  STT  FNESS  REDESIGN 

Following  the  automated  resize  of  wing  primary  structure,  and  prior  to  the  final  flutter 
analysis,  some  overriding  stiffness  requirements  were  imposed  on  the  strength  designed 
structural  model.  These  constraints  included  locks  for  high  speed  flight  on  the  low-speed 
aileron  and  outboard  flaperon,  the  stiffened  wing  tip  and  low  *peed  aileron  that  had 
been  adopted  prior  to  the  FLEXSTAB  aeroelastic  loads  analysis,  and  engine  beams 
stiffened  to  4.5  times  the  strength  design  value.  With  these  stiffness  constraints  the 
effect  of  strength  resizing  was  only  a slight  decrease  in  flutter  speed  to  0.817  of  the 
speed  requirement  at  M = 0.9.  compared  with  a flutter  speed  ratio  of  0.865  prior  to  the 
strength  resize,  with  the  same  stiffness  constraints  except  for  the  control  locks. 

The  relative  effectiveness  of  stiffening  the  wing  tip  and  adding  the  control  locks  was 
investigated  and  is  summarized  in  table  11-10.  The  control  locks  are  effective  in  raising 
the  flatter  speeds  of  overtone  flutter  modes,  whereas  w ing  tip  stiffening  is  also  effective 
for  the  fundamental  1.9  Hz  wing  flutter  mode.  Figure  11-35  shows  the  typical  vibration 
mode  shape  amplitude  attenuation  of  low -speed  aileron  and  outboard  flaperon 
deflections  which  result  from  incorporating  control  locks. 

No  reduction  in  gages  or  member  sizes,  below  the  values  specified  for  strength,  were 
allowed  in  defining  further  structural  design  changes  to  meet  flutter  criteria. 
Engineering  judgement,  based  on  experience  with  similar  bration  and  flutter  modes 
encountered  on  the  National  SST  Programm  was  used  in  Penning  these  stiffness  design 
modifications  and  these  judgements  werr  aided  by  diagnosis  of  the  individual  flutter 
mechanisms  encountered,  as  discussed  below. 

TECHNICAL  APPROACH  FOR  STIFFNESS  REDESIGN 

It  was  not  possible  to  readily  interface  ATLAS  2 with  the  flutter  optimization  system 
developed  during  the  SST  Technology  Follow-On  Program  (Contract 
DOT-FA72WA-2893).  Thus  stiffness  redesign  efforts  during  this  contract  were  based  on 
engineering  judgment  and  stiffness  design  iteration.  These  judgments  were 
supplemented  by  diagnostic  studies  to  identify  the  essential  degrees  of  freedom  and  to 
characterize  the  energy  transfer  process,  as  discussed  in  the  following  paragraphs. 

The  first  indication  of  the  freedoms  important  to  the  flutter  mechanism  is  obtained  from 
the  larger  components  of  the  flutter  vector.  An  examination  of  the  frequency  coupling 
trend  for  the  principal  component  modes,  from  the  branching  behavior  in  the 
speed-frequency  plane,  figure  11-36.  can  indicate  jny  dominant  binary  (*wo 
degrees  r freedom)  couplings  with  the  frequency  of  a "torsion  type”  mode  dropping  to 
near  coalesence  with  a climbing  fr  i^  ency  of  a "bending  type”  mode  These  observations 
are  confirmed  by  a lagging  phase  for  the  "torsion  type”  mode  evident  in  the  flutter 


vector.  The  energy  absorbing  and  damping  modes  involved  in  flutter  of  slender  delta 
wings  exhibit  considerable  airfoil  camber  bending,  evident  in  figure  11-36,  in  addition 
to  torsion  and  bending  deflections.  Moie  than  two  freedoms,  and  often  up  to  six  or 
seven,  are  significantly  involved  in  the  flutter  mechanism.  However,  considerable 
understanding  can  be  gained  from  focusing  attention  on  the  dominant  binary  or  low 
order  dynamical  system.  This  is  systematically  uncovered  by  studying  the  equilibrium 
polygons  of  generalized  forces  and  the  implicit  energy  balance  of  the  fluttering  system 
at  neutral  stability  as  shown  in  figure  11-37  and  table  11-9.  The  energy  extraction 
process  is  exhibited  by  integrating  the  work  done  by  the  generalized  forces  over  one 
cycle  of  the  flutter  oscillation.  Only  the  aerodynamic  forces  contribute  to  this  process 
which  is  dominated  by  the  aerodynamic  stiffness  coupling  and  the  direct  aerodynamic 
damping  terms  for  the  dynamic  freedoms  essential  to  the  flutter  mechanism.  It  is  also 
possible  to  detect  energy  flux  relationships  between  the  essential  freedoms  from  the 
energy  balance  results  and  to  form  an  energy  compatibility  or  net  energy  equation 
highlighting  the  energy  sources  and  energy  sinks  of  the  flutter  mechanism,  as  shown  in 
figure  11-38  and  table  11-9. 

The  involved  load  phasing  of  unsteady  aerodynamic  loads  complicates  the  flutter 
redesign  process.  Frequency  separation  of  the  dominant  binary  freedoms  is  usually 
necessary  and  this  must  occur  despite  phase  and  magnitude  shifts  in  the  unsteady 
airloads  which  accompany  structural  stiffness  or  mass  distribution  changes  calculated 
to  accomplish  this..  In  spite  of  these  complications,  stiffening  in  high  strain  regions  of 
the  "torsion  type"  mode  shapes  was  found  quite  effective  for  stiffness  redesign  in  this 
study.  This  process  is  aimed  at  a more  uniform  strain  energy  density  distribution  for 
such  mode  shapes. 

STIFFNESS  REDESIGN 

Stiffness  modifications  1 to  3 were  discussed  at  the  start  of  this  section  and  appear  in 
figures  11-39  toll-41.  Figures  11-42  toll-46  show  five  of  the  six  additional  stiffness 
modifications  that  were  investigated  in  arriving  at  the  Final  stiffness  design  for  Task  II. 
The  final  set  of  stiffness  modifications  to  the  strength  design  appears  in  figure  11-3  as 
Stiffness  Modification  9.  Flutter  results  for  the  Task  II  stiffness  design  cycles  are 
summarized  in  figure  11-47. 

Stiffness  Modifications  4 or  5 incurred  unduly  large  weight  penalties  for  small  flutter 
speed  gains.  They  comprised,  respectively,  overall  doubling  of  the  stiffness  of  all  wing 
spars  and  ribs,  or  stiffening  spars  and  covers  of  the  wing  tip  by  a factor  of  3.0  and  just 
inboard  of  the  wing  fin  by  a factor  of  1 .5. 

Stiffness  Modification  6 restored  the  low  speed  aileron  cover  thickness  to  the  initial 
value,  thereby  raiding  the  flutter  speed  slightly  by  removing  an  adverse  mrss  balance 
effect  on  the  wing,  while  the  control  locks  inhibit  wind-up  of  the  unstiffened  control. 
Simultaneously,  a 4.7  Hz  wing  fin  flutter  mode,  which  appeared  as  a result  of 
reductions  in  member  sizes  at  the  root  of  the  fin  and  other  local  changes  in  fin 
attachment  structure  during  strength  resiz  \ was  much  improved  by  reverting  to  the 
original  attachment,  stiffening  the  wing  rib  below  the  wing  fin  by  a factor  of  3 0 and 
stiffening  the  fin  root  region. 
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Light  diffusion  rib  structure  for  the  outboard  nacelle  support  beam  was  added  in 
Stiffness  Modification  7 and  the  auxiliary  trailing  edge  spar  from  the  wing  root  to  the 
outboard  nacelle  was  stiffened  to  about  the  same  level  as  the  rear  spar.  A streamwise 
rib  near  the  wing  fin  root  was  added  simultaneously  and  this  raised  the  wing  fin  flutter 
speed  satisfactorily  above  1.2  V|>.  Stiffness  Modifications  comprised  the  addition  to 
Modification  7 of  a graded  local  increase  in  wing  depth  in  the  tip  region.  The  airfoil 
discontinuity  at  the  wing  fin  station  was  first  removed  and  the  maximum  thickness 
ratio  was  then  increased  from  2.8  percent  to  3.5  percent  at  the  fin  station  with  the 
increment  decreasing  linearly  to  zero  at  the  wing  tip  and  at  the  outboard  nacelle 
station. 

Finally,  for  Stiffness  Modification  9,  the  stiffened  auxiliary  trailing  edge  spar  was 
restored  to  initial  sizing,  while  stiff  diffusion  rib  structure  was  added  for  both  outboard 
and  inboard  nacelle  support  beams.  The  thickened  wing  tip  was  retained  and  four 
streamwise  ribs  were  added  in  the  wing  tip  region.  The  front  spar  web  at  the  wing  tip 
and  the  entire  rear  spar  web  were  thickened  to  equal  the  average  local  cover  skin  gage. 
Lastly,  nacelle  support  beams  were  stiffened  to  5.5  times  the  strength  design  value. 

FLUTTER  BOUNDARY-TITANIUM  STRUCTURE  (1975  TECHNOLOGY) 

Figure  11-47  shows  that  the  improved  wing  flutter  speed  achieved  with  Stiffness 
Modification  9 did  not  clear  the  original  1.2  Vn  flutter  placard.  It  was  concluded  that 
further  efforts  to  increase  flutter  speed  of  the  critical  1 .9  Hz  wing  flutter  mode,  via 
structural  changes  based  on  engineering  judgement,  would  produce  an  unrealistically 
high  weight  penalty.  Hence  it  was  proposed  that  the  subsonic  dive  placard  be  reduced 
by  50  knots  EAS  to  achieve  flutter  clearance.  Undoubtedly  a substantially  higher 
placard  could  be  achieved  without  additional  weight  increment,  by  utilizing  formal 
optimization  techniques.  This  approach  could  be  easily  justified  on  an  aircraft 
development  program.  The  reduced  placard  would  impose  a range  decrease  of  25 
nautical  miles  with  fixed  fuel  loading,  or  an  increase  of  1297  lbs.  in  fuel  loading  for 
constant  range. 

The  structure  with  the  latest  stiffness  design  modifications  was  then  analysed  for 
symmetric  flutter  at  low  gross  weight  and  antisymmetric  flutter  for  both  high  and  low 
gross  weights  at  M = 0.9.  This  confirmed  that  the  symmetric,  high  g^oss  weight 
condition  is  critical.  Flutter  analyses  were  then  conducted  for  that  condition  at  other 
Mach  numbers.  The  resulting  flutter  boundary  for  the  969-512B  configuration  with 
titanium  structure  (1975  technology)  appears  in  figure  11-1.  Budget  limitations 
prevented  determination  of  the  flutter  boundaries  over  the  Mach  number  range  for  the 
conditions  not  critical  at  M = 0.9.  Figure  11-2  shows,  in  terms  of  flutter  speed  ratio 
relative  to  the  original  goal  of  504  knots  EAS,  the  sensitivity,  to  configuration  features 
and  structural  changes,  of  the  critical  1.9  Hz,  symmetric,  high  gross  weight,  wing 
flutter  mode  at  M = 0.9. 

The  stiffness  design  modifications  to  provide  flutter  clearance  are  summarized  in 
;re  11-3.  The  penalty  associated  with  this  Task  II  stiffness  design  is  equivalent  to 
*0,223  lbs  per  aircraft  including  2341  lbs  weight  equivalent  of  a 1.3  drag  count  increase 
fo'*  thickening  the  wing  tip. 
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Table  1 1-1.— Retained  Freedoms— Symmetric  Vibration  Modes 


CUMULATIVE 

USER 

FREEDOM 

AIRPLANE 

COUNT 

NODE 

CODE 

COMPONENT 

ffl2d 

TX 

i 

2 

1020 

TY 

INBD 

3 

1020 

TZ 

NACELLE 

4 

1020 

FX 

C.G. 

5 

1020 

Ki 

I 

6 

1020 

RZ 

...  f 

7 

1070 

TX 

i 

8 

1070 

TY 

OUTBD 

9 

1070 

TZ 

NACELLE 

10 

1070 

RX 

C.G. 

11 

1070 

RY 

12 

1070 

RZ 

13 

670 

TZ 

14 

663 

TZ 

15 

652 

TZ 

16 

644 

TZ 

17 

637 

TZ 

18 

792 

TZ 

19 

784 

TZ 

20 

779 

TZ 

21 

775 

TZ 

2? 

620 

TZ 

23 

618 

TZ 

24 

615 

TZ 

25 

613 

TZ 

26 

610 

TZ 

27 

608 

TZ 

28 

605 

TZ 

29 

603 

T7 

30 

600 

TZ 

31 

597 

TZ 

WING 

32 

692 

TZ 

33 

693 

TZ 

34 

694 

TZ 

35 

562 

TZ 

36 

560 

TZ 

37 

695 

TZ 

38 

555 

TZ 

39 

553 

TZ 

40 

550 

TZ  - 

41 

547 

TZ 

42 

544 

TZ 

43 

541 

TZ 

44 

539 

TZ 

45 

537 

TZ 

536 

TZ 

^34 

TZ 

6 

476 

TZ 

49 

716 

TZ 

50 

713 

TZ 

51 

IV 

TZ 

I * V 

■\  rr>- 


X 

r 


Table  1 1 - 1.— (Continued) 
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JLATIVE 

USER 

FREEDOM 

UNT 

NODE 

CODE 

52 

709 

T2 

53 

708 

TZ 

54 

705 

TZ 

55 

704 

TZ 

56 

701 

TZ 

57 

700 

TZ 

58 

533 

TZ 

59 

85 

TZ 

60 

82 

TZ 

61 

79 

TZ 

62 

129 

TZ 

63 

76 

TZ 

64 

176 

TZ 

65 

73 

TZ 

66 

173 

TZ 

67 

50 

TZ 

68 

120 

TZ 

69 

220 

TZ 

70 

67 

TZ 

71 

167 

TZ 

72 

267 

TZ 

73 

44 

TZ 

74 

114 

TZ 

75 

214 

TZ 

76 

314 

TZ 

77 

41 

TZ 

78 

111 

TZ 

79 

211 

TZ 

80 

311 

TZ 

81 

58 

TZ 

82 

158 

TZ 

82 

209 

TZ 

84 

309 

TZ 

85 

409 

TZ 

86 

207 

TZ 

87 

307 

TZ 

88 

407 

TZ 

89 

55 

TZ 

90 

155 

TZ 

91 

205 

TZ 

92 

305 

TZ 

93 

405 

TZ 

94 

385 

TZ 

95 

454 

TZ 

96 

464 

TZ 

97 

474 

TZ 

98 

484 

TZ 

99 

493 

TZ 

100 

502 

TZ 

101 

5i2 

TZ 

102 

522 

TZ 

AIRPLANE 

COMPONENT 


WING 


)h 
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Table  1 hi.— (Continued) 


CUMULATIVE 

USER 

COUNT 

NODE 

103 

52 

104 

152 

105 

2G2 

106 

301 

107 

382 

108 

452 

109 

462 

110 

482 

111 

492 

112 

179 

113 

146 

114 

192 

115 

200 

116 

298 

117 

350 

118 

398 

119 

819 

120 

816 

121 

470 

122 

810 

123 

808 

124 

806 

125 

804 

126 

803 

127 

SOI 

128 

531 

129 

890 

130 

887 

131 

940 

132 

937 

133 

1023 

134 

878 

135 

876 

136 

928 

137 

926 

138 

1063 

139 

916 

140 

915 

141 

908 

142 

906 

143 

904 

144 

902 

145 

920 

146 

900 

147 

1021 

14o 

1061 

149 

965 

150 

957 

151 

954 

152 

951 

153 

950 

FREEDOM  AIRPLANE 

CODE  COMPONENT 

TZ 
TZ 
TZ 
TZ 
TZ 
TZ 
TZ 
TZ 
TZ 
TZ 
TZ 
TZ 
TZ 
TZ 
TZ 
TZ 
TZ 
TZ 
TZ 
TZ 
TZ 
TZ 
TZ 

TZ  WING 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 


Table  1 1-1. -(Continued) 


CUMULATIVE 

COUNT 

154 

155 

156 

157 

158 

159 

160 
161 
162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 
181 
182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

jm 

198 

199 

200 
201 
202 

203 

204 


USER 

FREEDOM 

NODE 

CODE 

767 

TZ 

766 

TZ 

763 

TZ 

762 

TZ 

759 

TZ 

758 

TZ 

755 

TZ 

754 

TZ 

751 

TZ 

750 

TZ 

237 

V' 

235 

TY 

232 

TY 

229 

TY 

227 

TY 

226 

TY 

475 

TY 

286 

TY 

282 

TY 

472 

TY 

332 

TY 

329 

TY 

277 

T' 

862 

TY 

379 

TY 

377 

TY 

376 

TY 

375 

TY 

428 

TY 

427 

TY 

426 

TY 

424 

TY 

417 

TY 

416 

TY 

415 

TY 

414 

TY 

374 

TZlr 

374 

TX  / C 

4 . 

RY 

3191 

TZ 

3189 

TZ 

3187 

TZ 

3185 

TZ 

3J8 1 

TZ 

2038 

TZ 

2098 

TZ 

2158 

TZ 

2218 

TZ 

2278 

TZ 

2338 

TZ 

2398 

TZ 

AIRPLANE 

COMPONENT 

WING 


WING  FIN 


t PITCH  INERT  1 A LOAD 
FWD  STICK  BODY 


BODYSHELL 


Table 

11-1. -(Concluded) 

/IULATIVE 

USER 

FREEDOM 

airplane 

COUNT 

NODE 

CODE 

COMPONENT 

205 

2458 

TZ 

206 

2518 

TZ 

207 

2578 

TZ 

208 

2638 

TZ 

209 

2698 

TZ 

BODY  SHELL 

210 

2758 

TZ 

211 

2818 

TZ 

212 

2878 

TZ 

213 

2933 

TZ 

214 

2998 

TZ 

-215 

3058. 

II 

3 

216 

3201 

TZ 

217 

3205 

TZ 

218 

3208 

TZ 

m 

2212 

II 

220 

221 

~nr 

j2a_ 


224 

225 


3250 

3250 


3225 

3225 . 


3183 

3203 


AFT  STICK  BODY 


RY  HORIZONTAL  TAIL 

TZ C.G. 

TZ  , VERTICAL  TAIL 

RY  C.G.  / 

TZ  FWD  STICK  BODY  I USED  AS  SUPPORTS 
TZ  AFTSTICK  BODY  | IN  ATLAS  2. 
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Table  1 1-2. -Retained  Freedoms-Antisymmetric  Vibration  Modes 


CUMULATIVE 

USER 

FREEDOM 

AIRPLANE 

COUNT 

NODE 

CODE 

COMPONENT 

1 

1020 

TX 

2 

1020 

TV 

1NBD 

3 

1G.\ 

TZ 

NACELLE 

4 

1020 

RX 

C G 

5 

1020 

RV 

6 

1020 

RZ 

t 

7 

1070 

TX 

i 

8 

1070 

TY 

CUTBD 

9 

1070 

TZ 

NACELLE 

10 

1070 

RX 

C.G. 

11 

1070 

RY 

1 

12 

1070 

RZ 

_ 1 

13 

670 

TZ 

i 

14 

663 

TZ 

1 

15 

652 

T 4- 

1 

16 

644 

TZ 

17 

637 

TZ 

18 

792 

TZ 

19 

784 

TZ 

20 

779 

TZ 

21 

775 

TZ 

22 

620 

TZ 

23 

618 

TZ 

24 

615 

TZ 

26 

613 

TZ 

26 

610 

TZ 

27 

608 

TZ 

28 

605 

TZ 

29 

603 

TZ 

30 

oOO 

TZ 

31 

567 

TZ 

t 

32 

632 

rz 

33 

63? 

TZ 

34 

6.  , 

TZ 

35 

5fv 

TZ 

WING 

36 

530 

TZ 

37 

695 

TZ 

38 

655 

TZ 

39 

653 

TZ 

40 

550 

TZ 

41 

547 

TZ 

42 

544 

TZ 

43 

541 

TZ 

4t 

539 

TZ 

45 

637 

TZ 

46 

536 

TZ 

47 

534 

TZ 

48 

476 

^Z 

49 

716 

TZ 

50 

713 

TZ 

51 

71? 

TZ 

Table  1 1 2. -(Continued I 


CUMULATIVE 

USER 

FREEDOM 

AIRPLANE 

COUNT 

NODE 

CODE 

COMPONENT 

52 

709 

T2 

53 

708 

TZ 

54 

705 

TZ 

55 

704 

TZ 

56 

701 

TZ 

57 

700 

TZ 

58 

533 

TZ 

59 

85 

TZ 

60 

82 

TZ 

61 

79 

TZ 

62 

129 

TZ 

63 

76 

TZ 

64 

176 

TZ 

65 

73 

TZ 

66 

173 

TZ 

67 

50 

TZ 

68 

120 

TZ 

69 

220 

TZ 

70 

67 

TZ 

71 

167 

TZ 

72 

267 

TZ 

73 

44 

TZ 

74 

114 

TZ 

75 

214 

TZ 

76 

314 

TZ 

Wit.  J 

77 

41 

TZ 

7ft 

111 

TZ 

79 

211 

TZ 

80 

311 

TZ 

81 

58 

TZ 

j 

82 

158 

TZ 

83 

209 

TZ 

84 

309 

TZ 

85 

409 

TZ 

86 

207 

TZ 

87 

307 

TZ 

88 

407 

TZ 

89 

55 

TZ 

90 

155 

TZ 

91 

205 

TZ 

92 

305 

TZ 

93 

405 

TZ 

9* 

385 

TZ 

95 

4.4 

TZ 

96 

464 

TZ 

97 

474 

TZ 

98 

484 

TZ 

99 

493 

TZ 

100 

502 

TZ 

101 

512 

TZ 

102 

522 

TZ 

TS, 


* 

” V. 

I *>' 


■v 


* 


bw< 


f- 


j* 

k 


Table  1U 


CUMULATIVE 

USER 

COUNT 

NODE 

103 

52 

104 

152 

105 

202 

106 

302 

107 

382 

108 

452 

*09 

462 

110 

482 

111 

492 

112 

179 

113 

146 

114 

192 

115 

200 

116 

298 

117 

350 

118 

398 

119 

819 

120 

816 

121 

470 

122 

810 

123 

808 

124 

806 

125 

804 

126 

803 

127 

801 

128 

531 

129 

890 

130 

887 

131 

940 

132 

937 

133 

1023 

134 

878 

135 

876 

136 

928 

137 

926 

138 

1063 

139 

916 

140 

915 

141 

908 

142 

906 

143 

904 

144 

902 

145 

920 

146 

900 

147 

1021 

148 

1061 

149 

965 

150 

957 

151 

954 

152 

951 

153 

956 

-( Continued ) 


FREEDOM  AIRPLANE 

COOE  COMPONENT 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

T* 

TZ 

TZ 

||  WING 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 

TZ 


T 


* l 


j 


673 


4 


Table  11-2.— ( Continued) 


CUMULATIVE 

USER 

FREEDOM 

AIRPLANE 

COUNT 

NODE 

CODE 

COMPONENT 

154 

767 

T2 

155 

766 

TZ 

156 

763 

TZ 

157 

762 

TZ 

158 

759 

TZ 

159 

758 

TZ 

WING 

160 

755 

TZ 

161 

754 

TZ 

162 

751 

TZ 

163 

750 

TZ 

f 

164 

237 

TY 

165 

235 

TY 

166 

232 

TY 

167 

229 

TY 

168 

227 

TY 

169 

226 

TY 

170 

475 

TY 

171 

285 

TY 

172 

282 

TY 

173 

472 

TY 

174 

332 

TY 

175 

329 

TY 

WING  FIN 

176 

277 

TY 

177 

862 

TY 

178 

379 

TY 

179 

377 

TY 

180 

376 

TY 

181 

375 

TY 

182 

428 

TY 

183 

427 

TY 

184 

426 

TY 

185 

424 

TY 

186 

417 

TY 

187 

416 

TY 

188 

415 

TY 

189 

414 

TY 

190 

374 

SK 

191 

374 

192 

471 

RY 

193 

165 

TY1  WING  C G 

194 

165 

TXJ 

195 

3101 

RZ  WING  YAW  INERTIA 

196 

3191 

RX 

197 

3189 

RX 

198 

3187 

RX 

199 

3185 

RX 

200 

2181 

RX 

FWD  STICK 

201 

3191 

TY 

BODY 

202 

3189 

TY 

203 

3187 

TY 

204 

3185 

TY 

205 

3181 

TY 

T 

Table  1 1 -2. -( Continued ) 


CUMULATIVE  USER  FREEDOM  AIRPLANE 

COUNT  NODE  CODE  COMPONENT 


4 

i 

l 

£ 


i 


HORIZONTAL  TAIL 
C.G. 


Table  1 1-2. -(Concluded) 


CUMULATIVE 

COUNT 

USER 

NODE 

FREEOOM 

CODE 

AIRPLANE 

COMPONENT 

255 

3225 

RX  i 

256 

3225 

RZ 

VERTICAL  TAIL 

257 

3225 

TY 

C.G. 

258 

3183 

TY  FWD  STICK  BODY  \ 

259 

3203 

TV  > 

J USED  AS  SUPPORTS 

260 

3203 

Rx  J AFT  STICK  BODY  J IN  ATLAS  2 

Table  1 1-3.  —A  TLAS  3 BC  Data  Stages- Flutter  Analysis 
OUMMY  BC  DATA  -SYMMETRIC  (MASS) 


SET  1 STAGE  3 / 

RETAIN  ALL  FOR  1020/ 
RETAIN  ALL  FOR  1070/ 


RETAIN  TZ  FOR 

670 

663 

652 

644 

677 

792 

784 

779 

775 

620 

618 

615 

613 

610 

608 

605 

603 

600 

597 

692 

693 

694 

562 

560 

695 

555 

553 

550 

547 

544 

541 

539 

537 

536 

534 

476 

716 

713 

712 

709 

708 

70S 

704 

701 

700 

533 

85 

82 

79 

129 

76 

176 

73 

173 

50 

120 

220 

67 

167 

267 

44 

114 

214 

314 

41 

111 

211 

311 

58 

158 

209 

309 

409 

207 

307 

407 

55 

155 

205 

305 

405 

385 

454 

464 

474 

484 

493 

502 

512 

522 

52 

152 

202 

302 

382 

452 

462 

482 

492 

179 

146 

192 

200 

298 

350 

398 

819 

816 

470 

810 

808 

806 

804 

803 

801 

531 

890 

887 

940 

937 

1023 

878 

876 

928 

926 

1063 

916 

915 

908 

906 

904 

902 

920 

900 

1021 

1061 

965 

957 

954 

951 

950 

767 

766 

763 

762 

759 

758 

755 

754 

751 

750 

1 

RETAIN  TY  FOR 

237 

235 

232 

229 

227 

226 

475 

285 

282 

472 

332 

329 

277 

862 

379 

377 

376 

375 

428 

427 

426 

424 

417 

416 

415 

414 

/ 

RETAIN  RZ  RX  FOR  374 

/ 

RETAIN  RY  FOR 

471/ 

RETAIN  TZ  FOR 

3181 

3189  3187 

3185 

3181  2038 

2098 

2158  2218 

2278 

2338 

2398  2458 

2518 

2578  2638 

2698 

2758  2818 

2878 

2938 

2998  3058 

3201 

3205  3208 

3212 

/ 

RETAIN  RY  TZ  FOR  3250/ 
RETAIN  TZRY  FOR  3225/ 
RETAIN  TZ  FOR  3183  3203/ 


Table  1 1-3.— (Continued) 


BC  DATA-SVMMETRIC  (STIFFNESS) 


SET  1 STAGE  4 / 

SUPPORT  ASYM  IN  SURFACE  2 THROUGH  2001  / 

SUPPORT  TX  FOR  3183  / 

SUPPORT  RX  RZ  FOR  150440  i 

SUPPORT  RZ  FOR  825  827  828  829  865  866  867  868  869  852 
854856  858  859  860  197  371  401  1012  1022  1062 
1072  41  TO  50  61  TO  70  91  TO  97  99  100  115  TO  117 
119  120  123  TO  140  432  TO  437  / 


SUPPORT  TY  FOR 

62 

TO  65 

67 

92  TO 

95 

115 

117 

135 

137 

/ 

RETAIN  ALL  FOR  1020  / 

RETAIN  ALL  FOR  1070  / 

RETAIN  TZ  FOR 

670 

663 

652 

644 

637 

792 

784 

779 

775 

620 

618 

615 

613 

610 

608 

605 

603 

600 

597 

692 

693 

594 

562 

560 

695 

555 

553 

550 

547 

544 

541 

539 

537 

536 

534 

476 

716 

713 

712 

709 

708 

705 

704 

701 

700 

533 

85 

82 

79 

129 

76 

176 

73 

173 

50 

120 

220 

67 

167 

267 

44 

114 

214 

314 

41 

111 

211 

311 

58 

158 

209 

309 

409 

207 

307 

407 

55 

155 

205 

305 

405 

385 

454 

464 

474 

484 

493 

502 

512 

522 

52 

152 

202 

302 

382 

452 

462 

482 

492 

179 

146 

192 

200 

298 

350 

398 

819 

816 

470 

810 

808 

806 

804 

803 

801 

531 

890 

887 

940 

937 

1023 

878 

876 

928 

926 

1063 

916 

915 

908 

906 

904 

902 

920 

900 

1021 

1061 

965 

957 

954 

951 

950 

768 

766 

763 

762 

759 

758 

755 

754 

751 

750 

/ 

RETAIN  TY  FOR 

237 

235 

232 

229 

227 

226 

475 

285 

282 

472 

332 

329 

277 

862 

379 

377 

376 

375 

428 

427 

426 

424 

417 

417 

415 

414 

/ 

RETAIN  TZTX  FOR  374  / 

RETAIN  RY  FOR  471  / 

RETAIN  TZ  FOR  3191  3189  3187  3185  3181  2038  2098  2158  2218 
2278  2338  2398  2458  2518  2578  2638  2698  2758  2P 
2878  2838  2998  3058  3201  3205  3208  3212  / 

RETAIN  RYTZ  FOR  3250  / 

RETAIN  TZ  RY  FOR  3225  / 

RETAIN  TZ  FOR  3183  3203  / 


578 


Table  11-3.-(Continued) 


DUMMY  BC  DATA-ANTISYMMETRIC  (MASS) 


SET  1 STAGE  5 / 

RETAIN  ALL  FOR  1020/ 
RETAIN  ALL  FOR  1070/ 


RETAIN  TZ  FOR 

670 

663 

652 

644 

677 

792 

784 

775 

775 

620 

618 

615 

613 

610 

608 

605 

603 

600 

597 

692 

693 

694 

562 

560 

695 

555 

553 

550 

547 

544 

541 

539 

537 

536 

534 

476 

716 

713 

712 

709 

708 

705 

704 

701 

700 

533 

85 

82 

79 

129 

76 

176 

73 

173 

50 

120 

220 

67 

167 

267 

44 

114 

214 

314 

41 

111 

211 

311 

58 

158 

209 

309 

409 

207 

307 

407 

55 

155 

205 

305 

405 

385 

454 

464 

474 

484 

493 

502 

512 

522 

52 

152 

202 

302 

382 

452 

462 

482 

492 

179 

146 

192 

200 

298 

350 

398 

819 

816 

470 

810 

808 

806 

804 

803 

801 

531 

890 

887 

940 

937 

1023 

878 

876 

928 

926 

1063 

916 

915 

908 

906 

904 

902 

920 

900 

1021 

1061 

965 

957 

954 

951 

950 

767 

766 

763 

762 

759 

758 

755 

754 

751 

750 

/ 

RETAIN  TY  FOR 

237 

235 

232 

229 

227 

226 

475 

285 

282 

472 

332 

329 

277 

862 

379 

377 

376 

375 

428 

427 

426 

424 

417 

416 

415 

414 

/ 

RETAIN  RZ  RX  FOR  374/ 

RETAIN  RY  FOR  471/ 

RETAIN  RY  RX  FOR  165/ 

RETAIN  RZ  FOR  3101/ 

RETAIN  RX  FOR  3191  3189  3187  3185  3181  / 

RETAIN  TY  FOR  3191  3189  3187  3185  3181  / 

RETAIN  RX  FOR  2039  2099  2159  2219  2279  2339  2399 

2459  2519  2579  2539  2699  2759  2$ 19  2879  2939 

2999  3059  / 

RETAIN  TY  FOR  2037  2097  2157  2217  2277  2337  2397 

2457  2517  2577  2637  2697  2757  2817  2877  2937 

2997  3057  / 

RETAIN  RX  FOR  3201  3205  3208  3212  / 

RETAIN  TY  FOR  3201  3205  3208  3212  / 

RETAIN  RX  RZ  TX  TY  TZ  FOR  3250  / 

RETAIN  RXTZTY  FOR  3225  / 

RETAIN  TY  FOR  3183  3203/ 

RETAIN  RX  FOR  3203  / 


679 


Table  1 1-3. -(Concluded) 

BC  DATA  ANTISYMMETRIC  (STIFFNESS) 


SET  1 STAGE  6 / 

SUPPORT  SYMM  IN  SURFACE  2 THROUGH  2001  / 

SUPPORT  RX  RZ  FOR  150  440  / 

SUPPORT  RZ  FOR  825  827  828  829  865  866  867  868  869  852 
854  856  858  859  860 197  199  371  401  1012  1022  1062  1072 
41  TO  59  61  TO  70  91  TO  97  99  100  115  TO  117  119  120 
135  TO  140  432  TO  437  / 


SUPPORT  TY  FOR 

62  TO  65 

67 

92  TO 

95 

97 

115 

117 

135 

137 

RETAIN  ALL  FOR 

1020  / 

RETAIN  ALL  FOR 

1070  / 

RETAIN  T2  FOR 

670 

663 

652 

644 

677 

792 

784 

779 

775 

620 

618 

615 

613 

610 

608 

605 

603 

600 

597 

692 

693 

694 

562 

560 

695 

555 

553 

550 

547 

544 

541 

539 

537 

536 

534 

476 

716 

713 

712 

709 

708 

705 

704 

701 

700 

533 

85 

82 

79 

129 

76 

176 

73 

173 

50 

120 

220 

67 

167 

267 

44 

114 

214 

314 

41 

111 

211 

311 

58 

158 

209 

309 

409 

207 

307 

407 

55 

155 

205 

305 

405 

385 

454 

464 

474 

484 

493 

502 

512 

522 

52 

152 

202 

302 

382 

452 

462 

482 

492 

179 

146 

192 

200 

298 

350 

398 

819 

816 

470 

810 

808 

806 

804 

803 

801 

531 

890 

887 

940 

937 

1023 

878 

876 

928 

926 

1063 

916 

915 

908 

906 

904 

902 

920 

900 

1021 

1061 

965 

957 

954 

951 

950 

767 

766 

763 

762 

759 

758 

755 

754 

751 

750 

/ 

RETAIN  TY  FOR 

237 

235 

232 

229 

22/ 

226 

475 

285 

282 

472 

332 

329 

277 

862 

379 

377 

376 

375 

428 

427 

426 

424 

417 

416 

415 

414 

/ 

RETAIN  TZTX  FOR 

374  / 

RETAIN  RY  FOR  471  / 

RETAIN  TYTX  FOR  165 

RETAIN  RZ  FOR  3101  / 

RETAIN  RX  FOR 

3191 

3189 

3187 

3185 

3181  / 

RETAIN  TX  FOR 

3191 

3189 

3187 

3185 

3181  / 

RETAIN  RX  FOR 

2039 

2099 

2159 

2219 

2279 

2339 

2399 

2459  2519 

2579 

2639 

2699 

2759 

2819 

2879 

2939 

2999  3059  / 

RETAIN  TY  FOR 

2037 

2097 

2157 

2217 

2277 

2337 

2397 

2457  2517 

2577 

2637 

2697 

2757 

2817 

2877 

2937 

2997  3057  / 

RETAIN  RX  FOR 

3201 

3205 

3208 

3212 

/ 

RETAIN  TY  FOR 

3201 

3205 

3208 

3212 

/ 

RETAIN  RX  RZ  TX  TY  TZ  FOR  3250  / 
RETAIN  RXrt?n  FOR  3225  / 
RETAIN  TY  FOR  3183  3203  / 

RETAIN  RX  FOR  3203  / 


Table  11-4.  ATLAS  3 Data  Details  for  Vibration  Mode  Rigid  In-Plane  Motion 


BC  DATA  DETAILS 


BEGIN  BC  DATA/ 


SET  1 STAGE  3 / OUMMY  BC  DATA  SYMM  (MASS) 


RETAIN  R7  RX  FOR  374  / 
RETAIN  RY  FOR  471  / 


SET  1 STAGE  4 / SYMM  (STIFFNESS) 

RETAIN  TZTX  FOR  374  / 

RETAIN  RY  FOR  471  / 


SET  1 STAGE  5 / DUMMY  BC  DATA  ANTISYM  (MASS) 


RETAIN  RZ  RX  FOR  374  / 
RETAIN  RY  FOR  471  / 
RETAIN  RY  RX  FOR  165/ 
RETAIN  RZ  FOR  3101  / 


SET  1 STAGE  6 / ANTISYM  (STIFFNESS) 


RETAIN  TZ  TX  FOR  374  / 
RETAIN  RY  FOR  471  / 
RETAIN  TY  TX  FOR  165/ 
RETAIN  RZ  FOR  3101  / 


END  BC  DATA 


Table  7 1-4. -(Continued) 


MASS  OATA  DETAILS 


BEGIN  MASS  DATA/ 

BEGIN  CONDITION  DATA/ 


682 


Dummy  BC  data  stage 

i 

STAGE  3 CONDITION 
STAGE  3 CONDITION 
STAGE  5 CONDITION 
STAGE  5 CONDITION 


| Fu€ 

Jr 


Fuel 

Payload 

Concentrated  mass 


4 26  0 3 / FLUTTER  SYM  CONO  715K  WT 

5 27  0 4 / FLUTTER  SYM  COND  472K  WT 

6 26  0 5 / FLUTTER  ANTISYM  COND  715K  WT 

7 27  0 6 / FLUTTER  ANTISYM  COND  472K  WT 


END  CONDITION  DATA  / 


BEGIN  CONCENTRATED  MASS  DATA  3 / SYMMETRIC  LOADING 


374 

1.0 

1235.0 

0.  1235.0  / 

WMF  PI  471 

1.0 

0. 

20.01  E6  0.  / 

BEGIN  CONCENTRATED  MASS  OATA  4 / SYMMETRIC  LOAOING 

374  * 

1.0 

1235.0 

0.  1235.0  / 

WMF  PI  47! 

1.0 

0. 

20.01  E6  0.  / 

BEGiN  CONCENTRATED  MASS  DATA  5 / ANTISYM  1 HADING 

374 

1.0 

1235.0 

0.  1235.0  / 

WMF  PI  471 

1.0 

0. 

20.01E6  0.  / 

WINGWH  165 

i.n 

200085.0 

*> 

200085.0  0 . / 

WINGIYH  3101 

1.3 

0. 

0.  2.826E10  / 

BEGIN  CONCENTRATED  MASS  DATA  6 / ANTISYM  LOADING 

374 

1.0 

1235.0 

0.  1235.0  / 

WMF  PI  471 

1.0 

0. 

20.01E6  .3  / 

WINGWL  165 

1.0 

90831.0 

90831.0  .0  / 

WINGIYL31U1  1.0 

0. 

0.  1.491E10  / 

END  MASS  DATA  / 


Table  1 1-4.-(Concluded) 


USER  DECK  DETAILS 


BEGIN  CONTROL  MATRIX  PROGRAM  . . . 


BC  DATA  STAGE 


EXECUTE  MERGE  (STIFFNESS, STAGE  = 4,  KIT  = 11,  K12=  22) 
EXECUTE  CHOLESKI  (DEFO,  K11,  FK12,  K12) 

EXECUTE  MULTIPLY  (KREDS4  = [K22  • FK12IT)  * FK12] ) 


EXECUTE  MERGE  (STIFFNESS.  STAGE  = 6.  A1 1 = 11,  A12  = 12,  A22  - 22) 
EXECUTE  CHOLESKI  (DEFO,  All,  FA12,  A12) 

EXECUTE  MULTIPLY  (KREDA6  = [A22-  FA12  (T)  *F  A12) 


EXECUTE  MASS (....  ) 


1 " 


Condition  number  (see  MASS  DATA) 


PRINT  OUTPUT  (MASS,  STATEMENT,  SUMMARY,  MDC  = MDC00*A) 


-BC  data  stage 

Mass  condition-.  Mass  condition— i — BC  data  stage 

BC  data  stage  | 


EXECUTE  VIBRA'i  ION  (KKREDS4  ■ LAM44SH  * MDC004AI*  V44SH  =0] , NFREQS  - 20 STAGF  = 4) 

EXECUTE  VIBP.-.TION  ([(KREDS4  LAM54SL  * M0C005A)  * V54SL  = 01  NFREQS  = 20  STAGE  =4) 
EXECUTE  VIBKATION  (KKREDA6  LAM66AH  * MDC006A)  * V6GAH  =0],  ‘ FREQS  =20  " STAGE  = 6' 
EXECUTE  VIBRATION  (KKREDA6  LAM76AL  * MDC007A)  * V76Al  = 0| , NFREQS  =20* . . . STAGE  = 6) 


END  CONTROL  MATRIX  PROGRAM 


-v  Ywi**-  * 


Table  11-5.—  Airplane  Vibration  Mode  Frequencies— Final  Stiffness  Design 


Symmetric 

Antisymmetric 

High  gross  weight 

Low  gross  weight 

High  gross  weight 

Low  gross  weight 

Frequency,  Hz 

Frequency,  Hz 

Frequency,  Hz 

Frequency,  Hz 

0.974 

1.084 

0.717 

0.944 

1.183 

1.232 

1.213 

1 .577 

2.177 

2.271 

2.132 

2.203 

2.427 

2.741 

2.313 

2.531 

2.792 

2.801 

2.583 

2.687 

2.999 

3.010 

2.810 

2.820 

3.370 

3.508 

2.998 

3.01 1 

3.626 

3.628 

3.045 

3.52C 

3.806 

3.817 

3.652 

3.714 

3.997 

4.424 

3.862 

3.951 

4.410 

4.762 

4.048 

4.696 

4.678 

5.807 

4.468 

6.038 

6.216 

6.655 

5.731 

0.472 

6.354 

7.246 

6.033 

6.594 

6.748 

8.281 

6.260 

6.760 

7.214 

8.754 

6.511 

7.242 

8.026 

8.873 

6.819 

8.244 

8.623 

9.293  ! 

Table  1 1-6.— Airplane  Vibration  Mode  3b ipes* 


Final  Stiffness  Design 


SYMMETRIC  CASES.  MICH  r.f-n SS  WF  I Oht 


RPW 

wanr  l 

N’JOF  2 

MOOF  3 

not  4 

wme  5 

MOPF  6 

Mpr)P  7 

W'rr 

1 

.0000 

.1737 

.0519 

.0135 

-.0595 

-. 1244 

.006  1 

. 1403 

2 

.0000 

-.0000 

.0109 

.0177 

.0159 

.0635 

-.0106 

-.2207 

3 

1.0000 

-.2837 

.0781 

-.0396 

-.1998 

-.3007 

.0039 

.3129 

4 

.0000 

.0000 

.0003 

.0005 

-.0002 

.0003 

-.0002 

-.00?  1 

5 

.0000 

.0005 

-.0005 

.0001 

.0007 

.0022 

-.0000 

-.0024 

6 

.0000 

- .0000 

-.0000 

.0000 

.0001 

.0003 

- .0000 

-.0005 

7 

.0000 

.1923 

.0632 

.0408 

-.0444 

-. 1357 

.0026 

-.0965 

8 

.0000 

.0000 

.0178 

.02  79 

.0733 

.1758 

-.0075 

.0917 

9 

1.0000 

-.2917 

.2208 

. 1497 

-.1452 

-.2565 

-.0245 

- .2624 

10 

.0000 

.0000 

.0006 

.0009 

.0010 

.0029 

-.0001 

.0016 

11 

.0000 

.0005 

-.0009 

-.0005 

.0003 

.0025 

.000  1 

.002? 

12 

.0000 

-.0000 

.0000 

.0000 

.0001 

.0003 

-.0000 

.0001 

13 

1.0000 

.4461 

-.0167 

.0277 

.1772 

-.2086 

- .008  8 

.0183 

14 

1.0000 

.3146 

-.1065 

.061 3 

.1556 

-. 1622 

-.0060 

.009  1 

15 

1 .0000 

.1405 

-.1553 

. 06  i 4 

.0272 

.0413 

.0019 

-.0161 

1ft 

1.0000 

.0026 

-•12c7 

.0.  17 

-.0923 

2168 

• 00  1 Q 

- .0419 

17 

1 .0000 

- .1454 

.0208 

.0836 

-.1358 

.2368 

-.021  3 

-.0608 

18 

1 .0000 

- .2257 

.1637 

. 2166 

-.0564 

.2387 

-.047? 

-.02?0 

19 

) .0000 

- . .’’930 

.4050 

.41^5 

.1554 

.3872 

-.0739 

.12  64 

20 

1.0000 

-.3434 

.5826 

.5991 

.3806 

.5005 

-.1074 

.3338 

21 

1.0000 

-.3774 

.7091 

. 7300 

.5593 

.7451 

-.1383 

.52  54 

22 

1 .0000 

.4391 

-.0212 

.0293 

.1  759 

-.2063 

-.0037 

.0130 

23 

1.0000 

. 3923 

-.0  i69 

.0437 

.1728 

-.  19  5 9 

-.0078 

.0154 

24 

1 .0000 

.3557 

-.  2 1 

.0532 

.1669 

-.1832 

-.0070 

.01  *0 

25 

1.0000 

.3089 

-. t083 

.0615 

.1522 

-.1575 

- .0058 

.0092 

26 

1,0000 

.2743 

-.1244 

.0652 

.1347 

-. 1291 

-.0045 

.0055 

27 

1.0000 

.2275 

-.1402 

.0660 

. 1023 

-.0793 

-.0024 

- .0004 

28 

1.0000 

. 1.878 

-.1400 

.0633 

.0699 

-.0265 

-.0004 

-.0056 

29 

1 .0000 

.1532 

-.1527 

.0589 

.0401 

.0176 

.0012 

-.0123 

30 

1.0000 

.1014 

-.1532 

.04  96 

-.0067 

.0906 

.0031 

- .02  1 8 

31 

1.0000 

.0504 

-.1456 

.0389 

-.0516 

. 1575 

.0036 

- .0312 

32 

1.0000 

.4319 

-.0258 

.0310 

.1745 

-.2038 

-.0084 

.0  176 

33 

1.0000 

.3854 

- .0609 

.0451 

. ! 709 

-.1928 

-.0076 

.0150 

34 

1.0000 

.3491 

-.0847 

.0537 

.1636 

-. 3 783 

- .0068 

.0125 

35 

1.0000 

.3026 

-.1101 

. 06  1 6 

.I486 

-.1523 

-.0055 

.006  7 

36 

1.0000 

.2684 

-.1250 

• 0646 

.1301 

-.1235 

-.0043 

.005  1 

37 

l .0000 

.2219 

-.1399 

.0651 

.0980 

-.0746 

-.0022 

- .0006 

38 

1.0000 

.1828 

-.1477 

.0622 

.0666 

-.0266 

-.0004 

-.06  6? 

* Elastic  modes  start  at  " mode  3." 


T4BLF  11-6  AI^OLA*^  VIBPATIr»N  *«G0P  «HAPFF*  , PfMAL  ST1PFNCS?  DFSIGM 


SY«MFTR!C  , HIG«  GPOSS  WF1GHT 


*ODF  l 

1,0000 

1.0000 

1,0000 

1.0000 
l.COOO 

1,0000 

1.0000 

1.0000 

1.0000 

1,0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1,0000 

1.0000 

1.0900 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 


.14*6 
.0972 
.0459 
-.0055 
-.0569 
-.0983 
-.1501 
-.1775 
-.2073 
-.22 73 
-.2476 
-.2652 
-.2921 
-.2987 
-.3156 
-.3321 
-.3491 
-.3649 
-.3830 
-.3999 
.3540 
.3026 
.2513 
.2513 
.1999 
.1999 
.I486 
.1486 
.0972 
.0972 
.0972 
.0459 
.0459 
.0459 
-.0055 
-.0055 
-.0055 
-.0055 


MP9E  3 
-.1513 
-.1514 
-.1433 
-.1244 
-.0918 
-.0509 
.0222 
.0719 
.1351 
.1834 
.2421 
.2960 
.3502 
.4047 
.4625 
.520? 
.5e20 
.6407 
.7088 
.7728 
-.0815 
-.1093 
-.1290 
-.1300 
-.1402 
-.1433 
-.1446 
-.1481 
-.1400 
-.1432 
-.1485 
-.1323 
-.1372 
-.1419 
-.1157 
-.1193 
-.1218 
-.1237 


MODE  4 
.0577 
.0482 
.0370 
.0280 
.0272 
.0395 
.0780 
.1110 
.1589 
.1989 
.2530 
.3040 
.3565 
.4099 
.4675 
.5264 
.5890 
.6495 
.7203 
.7871 
.0525 
.0611 
.0643 
.0649 
.0622 
.0633 
.0560 
.0570 
.0449 
.0454 
.0469 
.0320 
,0320 
.0356 
.0149 
.0159 
.0192 
.0250 


MOPE  5 
.0374 
-.0084 
-.0525 
-.0903 
-.1188 
-.1333 
-.1339 
-.1236 
-.0987 
-.0699 
-.0201 
.0303 
• 0^62 
.1460 
.2141 
.2878 
.3698 
.4513 
.5498 
.6440 
.1643 
.1478 
.1181 
.1196 
.0?93 
.0809 
.0402 
.0397 
.0013 
-.0011 
-.0050 
-.0308 
-.0381 
-.0483 
-.0511 
-.0599 
-.0707 
-.0841 


MOPF  6 
.0185 
.08«»5 
.1548 
.2028 
.2284 
.2287 
.2133 
.2019 
.1931 
. 1979 
.2240 
.2553 
.2944 
.3391 
.3938 
.4567 
.5293 
.6033 
.6947 
.7826 
-.1800 
-.1518 
-.1074 
-.1084 
-.0538 
-.0510 
-.0016 
.0077 
.0418 
.0552 
.0765 
.0807 
.1112 
.1433 
.0922 
.1180 
.1499 
.1861 


»»00r  7 

.0012 
.0031 
.0037 
.0021 
-.0023 
-.0082 
-.0196 
-.0272 
-.0363 
-.0425 
-.0487 
-.0544 
-.0608 
-.0678 
-.0766 
-.0972 
-.1000 
-.1136 
-.1310 
-.1479 
-.0069 
-.0056 
-.0037 
-.0037 
-.0015 
-.0013 
•0006 
.0009 
.0023 
.0026 
•0030 
.0037 
.0039 
.0039 
.0041 
.0045 
.0039 
.0027 


MODF  e 

-.0116 
-.0207 
- .0297 
-.03  74 
-.0440 
-.0479 
-.0502 
-.0499 
-.0464 
-.0359 
-.0104 
.0207 
.0603 
.1066 
.1647 
.2331 
.3138 
.3974 
.5022 
.6039 
.0128 
.0088 
.0037 
.0035 
-.0014 
-.0027 
-.0057 
-.0087 
-.0068 
-.0105 
-.0168 
-.0099 
-.0168 
-.0263 
-.0046 
-.0114 
-.0209 
-.0324 


'Elastic  modes  start  at  "mode  3." 


r 


TA8LC  l 1-6  AIRPLANE  VIBRATION  MOO?  SHARE*’  * FINAL  STIFFNESS  0eST0N 


SYMMETRIC  , HIGH  GROSS  WFIGHT 


ROW 

Mr>r=  1 

MOHR  2 

wrOF  3 

MODF  4 

ynn:  5 

MOOR  6 

vnoF  7 

77 

1.0000 

-.0568 

-.0974 

-.0035 

-.0673 

.1026 

.0046 

-.0016 

7B 

1.0000 

-.0568 

-.0975 

-.0007 

-.0745 

.1200 

.0040 

-.OORO 

79 

1.0000 

-.0568 

-.0973 

•0049 

-.0872 

.1472 

.0030 

-.0176 

80 

1.0000 

-.0568 

-.0948 

.0156 

-.1042 

.1879 

.0005 

-.0318 

t 

81 

1.0000 

-.1082 

-.0747 

-.0224 

-.0779 

.1042 

.0044 

.0013 

I 

B? 

1.0000 

-.1082 

-.0705 

-.0142 

-.0897 

.1174 

.0029 

- .OORR 

_* 

83 

1.0000 

-.0921 

-.0773 

-.0041 

-.0958 

.1374 

.0021 

-.0162 

s 

84 

1.0000 

-.0949 

-.0676 

.0120 

-.1141 

.1719 

-.0016 

-.0308 

i 

85 

1.0000 

-.0974 

-.0557 

.0318 

-.1286 

.2123 

-.0063 

-.0439 

86 

1.0000 

*.1277 

-.0547 

-.0128 

-.1003 

.1144 

.0012 

-.0142 

87 

1.0000 

-.1361 

-.0326 

.0114 

-.1205 

.1327 

-.0041 

-.0283 

88 

1.0000 

-.1437 

-.0046 

.0449 

-.1313 

.1672 

-.0115 

-.0431 

89 

1.0000 

-.1595 

-.0482 

-.0444 

-.0763 

.0850 

.0041 

.0063 

> 

90 

1.0000 

-.1595 

-.0395 

-.0312 

-.0927 

.0828 

.0023 

-.0063 

: 

91 

1.0000 

-.1622 

-.0305 

-.0213 

-.1026 

.0787 

.0007 

-.0129 

92 

1.0000 

-.1761 

.0064 

.0141 

-.1269 

.0707 

-.0058 

-.0252 

J. 

93 

1.0000 

-.1889 

.0506 

.0615 

-.1324 

.1015 

-.0155 

-.0391 

kl 

94 

1.0000 

-.1984 

.0939 

.1113 

-.1189 

.1427 

-.0253 

-.0500 

95 

1.0000 

-.2120 

.1081 

.1113 

-.1172 

.087* 

-.0235 

-.0660 

96 

1.0300 

-.2362 

.1842 

.1826 

-.0746 

.1231 

-.0337 

— .0_>26 

j 

97 

1.0000 

-.2585 

.2512 

.2489 

-.0202 

.1685 

-.0426 

-.0257 

98 

1.0000 

-.2757 

.3131 

.3124 

.0417 

• 2270 

-.0515 

.01  79 

99 

1.0000 

-.3153 

.4346 

.4260 

.1687 

.2961 

-.0625 

.1059 

:v 

100 

1.0000 

-.3595 

.5790 

.5675 

.3466 

.4263 

-.0846 

.2631 

* 

101 

1.0000 

-.3792 

.6650 

.6621 

.4731 

• 566c 

-.10Q5 

.4020 

102 

1.0000 

-.3956 

• 73  86 

.7436 

.5858 

.6936 

-.1327 

.5301 

, 

io-» 

1.0000 

-.2109 

-.0190 

-.0676 

-.0652 

.0445 

.0038 

.0268 

104 

i.0000 

-.2109 

-.0037 

— • 046H 

-.096*3 

.0098 

.0024 

.0308 

105 

1.0000 

-.2115 

.0104 

-.0283 

-.1144 

-.0099 

.0001 

.0193 

& 

106 

1.0000 

-.2255 

.0628 

.02  59 

-.1392 

-.0427 

-.0076 

-.0311 

107 

l .0000 

-.2392 

.1342 

.1076 

-.1215 

-.0069 

-.0197 

-.0799 

c 

108 

1.0000 

-.2599 

.1971 

.1672 

-.0875 

.0033 

-.0255 

-.0904 

r 

109 

1.0000 

-.2861 

.2876 

.2578 

-.0108 

.0606 

-.0327 

- .0594 

110 

1.0000 

-.3236 

.4306 

.4075 

.1500 

.2160 

-.0510 

.0675 

111 

1.0000 

-.3398 

.4962 

.4776 

.2329 

.3030 

-.0641 

.1460 

X 

112 

1.0000 

-.2507 

-.0027 

-.0933 

-.0374 

.0338 

.0042 

.0310 

113 

1.0000 

-.2507 

.0052 

~.0R33 

-.0626 

-.0022 

.0042 

.058? 

JL 

114 

1.0000 

-.2507 

.0238 

-.0606 

-.1085 

-.0723 

.0034 

.0961 

587 


<*fr 


! 


I 


» 


L. 


P 11-6  AT  VI  BP  ATION  MHOc  SHAPfS*  * p IMAl  STIFFMFS5  OfSIGN 


^yMMPTPIC  > MIPH  GpPSS  Wc  IGHT 


pnw 

*00*  l 

M?Op  2 

115 

1.0000 

-.2507 

116 

1.0000 

-.2610 

117 

1.0000 

-.2703 

118 

l.OOCO 

-.2758 

119 

1.0000 

-.3050 

120 

1.0000 

-.3289 

121 

1.0000 

-.3*90 

122 

1.0000 

-.3613 

123 

1.0000 

-.3737 

12* 

1.0000 

-.3902 

125 

1.0000 

-.*067 

126 

1.0000 

-.4150 

127 

1.0000 

-.4256 

128 

1.0000 

-.4360 

129 

1.0000 

-.2866 

130 

1.0000 

-.2866 

131 

1.0000 

-.3183 

132 

1.0000 

-.3183 

133 

l.OOCO 

-.3012 

13* 

1.0000 

-.2938 

135 

1.0000 

-.2977 

136 

1.0000 

-.3200 

137 

1.0000 

-.322* 

138 

1.0000 

-.3086 

139 

1.0000 

-.3*67 

1*0 

1.0000 

-.3650 

1*1 

1.0000 

-.3909 

1*2 

1.0000 

-.*071 

1*3 

1.0000 

-.*233 

1*4 

l.OOCO 

-.*395 

1*5 

1.0000 

-.*516 

1*6 

1.0000 

-.*616 

1*7 

1.0000 

-.3313 

1*8 

1.0000 

-.34*3 

1*9 

1.0000 

-.3808 

150 

1.0000 

-.*069 

151 

1.0000 

-.*312 

152 

1.0000 

-.458* 

MOPF  3 

POOF  * 

MPPF  5 

.0**6 

-.03*1 

-.138* 

.0920 

.0169 

-.1567 

.1*87 

.0818 

-.1560 

.1369 

.1277 

-.1302 

.2899 

.2309 

-.0*85 

.3823 

.3278 

.0569 

.*619 

.4121 

.1535 

.5oei 

.4601 

.2125 

.5663 

.5257 

.2962 

.6468 

.6171 

.4178 

.7292 

.7115 

.5*8* 

.7710 

.7596 

.6161 

.82*5 

.8210 

.7028 

.P767 

.8810 

.7868 

.0226 

-.1038 

-.0*77 

.0*16 

-.0813 

-.1019 

.0*03 

-.113* 

-.0*57 

.0613 

-.09*5 

-.1056 

.0903 

-.0*59 

-.2057 

.1321 

.0258 

-.1735 

.167* 

.06  82 

-.1811 

.1676 

.0371 

-.1990 

.2012 

.0791 

-.2009 

.2570 

.1763 

-.1332 

.3986 

.3226 

.0*89 

.4795 

.*118 

.1505 

.5893 

.531* 

.3050 

.6711 

.6263 

.*335 

.7547 

.7217 

.5702 

.8*01 

.82.1 

.7161 

.906* 

.8991 

.8383 

.960* 

.9620 

.9330 

.1238 

-.0506 

-.230* 

.3287 

.2197 

-.1681 

.5133 

.4353 

.1767 

.6*09 

.5810 

.3731 

. 7666 

.7264 

.5800 

.8979 

.8802 

.81*6 

»onc  6 
-.1165 
-.1578 
-.1819 
-.1*70 
-.0967 
.00  32 
.1003 
.15*2 
.2539 
.*006 
.559* 
.6*22 
.7*82 
.8509 
-.0212 
-.1077 
-.05** 
-.1525 
-.3399 
-.2758 
-.2990 
-.3802 
-.3992 
-.2833 
-.1008 
.01*1 
. 1826 
.3387 
.5065 
.6866 
.8376 
.95*5 
-.5511 
-.5253 
-.0193 
.2  271 
.*806 
.7707 


MPDF  7 

«nor  r 

.0H08 

.095* 

-.006  2 

-.0051 

-.0156 

-.1301 

-.0205 

-.1520 

-.0228 

-.1*35 

-.02*9 

-.0630 

-.0326 

.0218 

-.0*10 

.0759 

-.0576 

.1665 

-.0832 

.30*0 

-.1120 

.*572 

-.1273 

.5382 

-.1*68 

.6*20 

-.1656 

.7*18 

.00*6 

.0661 

.00*4 

.1250 

.0050 

.0882 

.0050 

.1572 

.00*5 

.3*06 

-.0076 

-.0123 

-.01*2 

-.1158 

-.0097 

-.0338 

-.016* 

-.1389 

-.0261 

-.2799 

-.0133 

-.1101 

-.0178 

-.0201 

-.0*72 

.1**2 

-.0751 

.2933 

-.1060 

.*578 

-.1*03 

.6396 

-.170* 

.8000 

-.1930 

.9201 

.008* 

.6098 

-.03*5 

-.51*8 

-.0109 

-.0268 

-.0562 

.2078 

-.1030 

.*571 

-.1597 

.7588 

'Elastic  modes  start  at  "mode  3." 


reproducibility  of  rats 
ORIGINAL  PAGE  IS  POOR 


knw 

153 

154 

155 

156 

157 

158 

159 

160 
1M 
162 

163 

164 

165 

166 

167 

168 
159 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 
181 
182 
183 
1P4 

185 

186 
137 
188 

189 

190 


TABIC  1 1-6 


AIRPLANc  VI  BP AT I ON  MCOE  SWAPF$* 


FINAL  STIFFNFSS  r»c.pfr,». 


SYMMETRIC  , HIGH  GROSS  WEIGHT 


HOOF  1 

HOOF  ? 

3 

MOOE  4 

MOOF  5 

HOOF  6 

NCOS  7 

modf 

1.0000 

-.4741 

1.0000 

1.0000 

1.0000 

1.0000 

-.2051 

1.0000 

1.0000 

-.2277 

• ’ c49 

.2140 

-.0578 

.2259 

-.0460 

-.0?S5 

1.0000 

-.2440 

.2416 

.2581 

-.0169 

.2498 

-.0514 

-•00 12 

1.0000 

-.2616 

.2958 

.3096 

.0347 

.2833 

-.0575 

.0312 

1.0000 

-.2785 

.3503 

.3625 

.0916 

.3242 

-.0643 

• 072Q 

i.0000 

-.2950 

.4049 

.4161 

• 1521 

.3703 

-.0718 

.1207 

1.0000 

-.3120 

.4627 

.4738 

.2207 

.4258 

-.0809 

. 1 798 

1.0000 

-.3285 

.5210 

.5328 

.2946 

.4895 

— .09 1 p 

.24^9 

1.0000 

-.3454 

.5824 

• 5956 

.3767 

.5625 

-.1048 

.3300 

1 .0000 

-.3613 

.6409 

.6558 

.4577 

.6362 

-.1184 

.4129 

l.nooo 

-.3794 

.7090 

.7266 

.5560 

.7275 

-.1357 

.5173 

.0000 

-.0000 

-.0116 

-.0164 

.0112 

.0098 

.0010 

.00  1 1 

.0000 

-.0000 

-.0310 

-.0451 

-.0064 

-.0382 

.0077 

-.0241 

.0000 

-.0000 

-.0626 

-.0923 

-.0551 

-.1452 

.0317 

-.1166 

.0000 

.0000 

-.0859 

-.1285 

-.0944 

-.2523 

.0739 

-.2503 

.0000 

.0000 

-.1050 

-.1588 

-.1285 

-.3509 

.1140 

-.3844 

.0000 

.0000 

-.1252 

-.1910 

-.1660 

-.4620 

.1600 

- .5427 

.0000 

-.0000 

-.0037 

-.0048 

.0201 

.0327 

- •'018 

.0098 

.0000 

-.0000 

-.0223 

-.0323 

.0058 

-.0100 

.003  1 

-.0082 

.0000 

-.0000 

-.0536 

-.0791 

-»03G1 

-.1’ 37 

.0276 

-.0964 

.0000 

-.0000 

-.0058 

-.0083 

.0352 

• 0-  j 

-.0010 

.0189 

.0000 

-.0000 

-.0353 

-.0522 

-.0067 

-.04  d 

.0191 

- .0663 

.0000 

-.0000 

-.0709 

-.1063 

-.0653 

-.1944 

• 0643 

- .2071 

.0000 

.0000 

-.09  73 

-.1474 

-.1136 

-.3211 

.1091 

-.3623 

.0000 

- .0000 

-.0053 

-.0031 

.0558 

.0701 

.0005 

.0330 

.0000 

-.0000 

-.0392 

-.0595 

-.003° 

-.0720 

.043n 

- . 1 l r'  6 

.0000 

-.0000 

-.0740 

-.1130 

-.0684 

-.2310 

.0940 

- . 2°50 

.0000 

• 0000 

-.1003 

-.1535 

-.1184 

-.3569 

.1355 

- .44  39 

.0000 

.0000 

-.1271 

-• lQ50 

-.1699 

-.4872 

.1786 

- * 6^9  1 

.0000 

-.0000 

-.0091 

-.0158 

.0570 

.0350 

.0374 

- .06  37 

.0000 

-.0000 

-.0359 

-.0565 

.0059 

-.0814 

.0683 

-.1806 

.0000 

-.0000 

-.0814 

-.1257 

-.0818 

-.2841 

.1236 

-.3909 

.0000 

.0000 

-.1017 

-.1564 

-.1209 

-.3743 

.148  l 

- .4832 

.0000 

-.0000 

-.0103 

-.0136 

.0561 

.0202 

.0501 

- • 1008 

.0000 

-.0000 

-.0559 

-.0378 

-.0319 

-.1838 

.1064 

- . 3 l 3H 

.0000 

.0000 

-.1036 

-.1604 

-.1246 

-.3990 

.1657 

-.5337 

.0000 

.0000 

-.1292 

-.1993 

-.1744 

-.5152 

.1979 

- .66  1 1 

1.0000 

-.3808 

.5596 

.5023 

.2565 

.1115 

.6982 

.0177 

Elastic  modes  start  at  "mode  3." 
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Ti?Le  1 1-6  4 1 PPL  AN?  VI ftP ATI  ON  *100?  SMAP=S*  , FINAL  SMFCNFPS  "r^IGN 


SYMMETRIC  t HIGH  GROSS  WEIGHT 


R^W 

viPOt-  l 

*OOE  2 

wODF  3 

MOOE  4 

MOOE  5 

MOPE  6 

wppr  7 

Mpr)c 

191 

.0000 

.2306 

-.0160 

.0014 

-.0525 

.0097 

1.0000 

-.0546 

V 

♦ 

192 

.0000 

.0005 

-.0012 

-.0010 

-.0011 

.0001 

-.0000 

-.0005 

i 

193 

1.0000 

1.0000 

.7508 

-.3721 

-.4192 

.5987 

-.0058 

-.0604 

194 

l.OOCO 

.9140 

.6119 

-.2959 

-.2785 

.3905 

-.0053 

-.0362 

195 

1 .00' 0 

.8419 

.4981 

-.2340 

-.1681 

.2293 

-.0051 

-.01^9 

196 

I.OCK  0 

.7719 

.3921 

-.1772 

-.0724 

.09  30 

-.0051 

-.0033 

197 

l.OOi  0 

.6517 

.2252 

-.0902 

.0571 

-.0801 

-.0062 

.0132 

198 

t.0000 

.6107 

.1690 

-.0615 

.0964 

-.1268 

-.0075 

.0166 

199 

i.0000 

.5594 

.1065 

-.0306 

.1316 

-.1664 

-.0084 

.0188 

200 

1.0000 

.5080 

.0483 

-.0026 

.1575 

-. 1933 

-.0088 

.0196 

201 

1.0000 

.4567 

-.0035 

.0213 

.1718 

-.2041 

-.0087 

.0186 

202 

1.0000 

.4053 

-.0463 

.0393 

.1728 

-.1979 

-.0080 

.0161 

203 

1.0000 

.3540 

-.0809 

.0521 

.1626 

-.1777 

-.0068 

.0126 

204 

1.0000 

.3026 

-.1081 

.0602 

.1429 

-.1457 

-.0053 

.0083 

205 

1.0000 

.2513 

-.1274 

.0633 

.1136 

-.1029 

-.0035 

.0036 

206 

1.0000 

.1999 

-.1387 

.0615 

.0775 

-.0537 

-.0015 

-.0009 

207 

1.0000 

• 1486 

-.1425 

.0552 

.0393 

-.0049 

.0004 

-.0043 

t 

208 

l.-'OOO 

.0972 

-.1391 

.0448 

.0033 

.0369 

.0021 

-.0059 

209 

1.0000 

.0459 

-.1293 

.0311 

-.0264 

.0670 

.0032 

-.0053 

210 

1.0000 

-.0055 

-.1150 

.0147 

-.0501 

.0879 

.0041 

-.•0033 

if 

211 

1.0000 

- . 056Q 

-.0971 

-.OOM 

-.0656 

.0985 

.0046 

-.0000 

212 

1.0000 

- . 1Cc2 

-.0757 

-.0252 

-.0712 

.0963 

.0048 

.0051 

213 

1.0000 

-.1595 

-.0509 

-.0487 

-.0658 

.0618 

.0046 

.0120 

214 

1.0000 

-.2109 

-.0245 

-.0745 

-.0482 

.0598 

.0042 

.0197 

215 

1.0000 

-.2622 

.0010 

-.1046 

-.0151 

.0431 

.0042 

.0197 

216 

1.0000 

-.3211 

.0313 

-.1463 

• 04cc 

.0268 

.0040 

.00«5 

217 

1.0000 

-.4609 

.1080 

-.2580 

.2611 

-.0273 

.0056 

-.0378 

218 

1.0000 

-.5324 

.1496 

-.3227 

.4028 

-.0616 

.0072 

-.0737 

219 

1.0000 

-.6105 

.1955 

-.3948 

.5648 

-.1007 

.0092 

-.1159 

220 

.0000 

.0005 

-.0003 

.0005 

-.0010 

.0003 

-.0900 

.0003 

2 21 

1.0000 

- • 5047 

.1689 

-.3536 

.4  750 

-.0788 

.0082 

-.0931 

222 

1.0000 

- 3-43 

.1506 

-.3242 

.4058 

-..0623 

.0072 

-.0744 

223 

.0000 

.0005 

-.0003 

.0004 

-.0010 

.0002 

-.0000 

.0003 

224 

1.0000 

.7013 

.2916 

-.1243 

.0092 

-.0182 

-.0056 

.0078 

225 

1.0000 

-.3928 

.0656 

-.2003 

.1443 

.0015 

.0045 

-.0103 

‘Elastic  m sues  start  at  "mode  3." 
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11-6  aiPPLSMC  •qnpfiTiOM  MOOE  SHAPES*  , FIMAl  STIFFN’FSS  Oc$[G'J 


SYMMETRIC  * HIGH  GPPES  Wc I GHT 


ow 

MODE  9 

m^de  io 

VPDE  11 

IWODE  12 

MODE  13 

moce  14 

V^nF  15 

vnnf  \( 

1 

.0177 

.0002 

-.0016 

-.0821 

.0213 

-.2365 

-.1446 

-.0188 

2 

-.1603 

.0002 

.3761 

-.1473 

-.0219 

-.1330 

-.0280 

.0021 

3 

-.0437 

.0017 

.1252 

-.1370 

.0072 

-.0399 

.0233 

.0217 

4 

-.0027 

-.0000 

.0061 

-.0030 

.0001 

-.0023 

-.0005 

,0002 

5 

-.0001 

-.0000 

-.0006 

.0021 

-.0001 

.0017 

.0002 

-.0003 

6 

-.0002 

.0000 

.0004 

.0001 

-.0001 

.0001 

.0001 

-.0000 

7 

.1084 

-.0047 

-.0096 

.0348 

-.0112 

-.2380 

-.1839 

-.0004 

8 

-.1 731 

.0239 

-.1499 

-.2492 

-.1360 

-.2609 

-.0589 

.0388 

o 

- ,034c- 

.0003 

-.1263 

-.0783 

-.0153 

.0080 

.0105 

-.0023 

10 

-.0035 

. 0004 

-.0029 

-.0047 

-.0018 

-.0038 

-.0007 

.0005 

II 

-.0019 

.0000 

.0003 

.0002 

.0008 

.0021 

.0009 

-.0007 

12 

-.0002 

.0000 

-.0002 

-.0004 

-.0003 

-.0006 

-.000? 

.0002 

13 

-.1032 

.0015 

-.0043 

.2354 

-.0005 

.0114 

.0608 

. 1419 

14 

-.0349 

.0006 

.0030 

-.0544 

-.0095 

.2723 

-.0244 

.16  14 

15 

.0931 

-.001? 

-.0037 

-.3030 

.0318 

-.1545 

.1522 

- .2328 

16 

.0122 

-.0042 

-.0563 

-.0725 

.1360 

-.5198 

.1783 

.2901 

17 

-.3200 

-.0096 

-.1 749 

.0329 

.2396 

.1776 

-.1747 

• 0 8 27 

18 

-.4052 

-.0136 

-.2365 

-.0944 

.2523 

.3613 

-.3417 

-.3310 

19 

-.2430 

-.0154 

-.1284 

-.0296 

.2169 

.2956 

-.3594 

-.3916 

20 

-.0189 

-.0233 

.0679 

.1457 

.1873 

.2138 

-.4689 

- . 3376 

21 

.1901 

-.0301 

.2582 

.3273 

.1664 

.1389 

-.6290 

-.2253 

22 

-.100? 

.0015 

- .0040 

.2251 

-.0007 

.0169 

.0572 

.1390 

23 

-.0792 

.0012 

-.0017 

.1302 

-.0037 

.1105 

.0296 

.1627 

24 

-.0603 

.0009 

.0004 

.0486 

-.0064 

.1872 

.0051 

. 1 7 2 R 

25 

-.0324 

,0006 

.0031 

-.0579 

-.0094 

.2659 

-.0245 

.1539 

26 

-.0074 

.0003 

.0049 

-.1366 

-.0098 

.2786 

-.0335 

.0700 

27 

• Q?74 

-.0003 

.0060 

-.2184 

-.0060 

.2115 

-.0127 

-.0639 

28 

<0560 

-.0008 

.0042 

-.2697 

.0047 

.0802 

.0429 

-.1317 

29 

.0740 

-.0013 

.0003 

-.2869 

• 0189 

-.0611 

.1018 

- .2287 

30 

• 096P 

-.0022 

-.0108 

-.2670 

.0501 

-.3055 

.1996 

-.1657 

31 

.0699 

-.0030 

-.0282 

-.1846 

.0877 

-.4828 

.2350 

.0453 

32 

-.0971 

.0014 

-.0038 

.2143 

-.0010 

.0228 

.0833 

.1358 

33 

-.0760 

.0011 

-.0015 

.1197 

-.0039 

.1147 

.0263 

.1573 

34 

-.0571 

.0009 

.0005 

.0419 

-.0063 

. 1831 

.0041 

.1633 

35 

-.0297 

.0006 

.0032 

-.0615 

-.0092 

.2584 

-.0245 

.1484 

36 

-.0060 

.0002 

.0048 

-.1318 

-.0096 

.2651 

-.0337 

.0754 

37 

.0273 

-.0002 

.0059 

-.2085 

-.0062 

.2012 

-.0158 

-.0582 

38 

.0536 

-.0007 

.0046 

-.2535 

.0026 

.0859 

.0296 

-.1657 

'Elastic  modes  start  at  "mode  3.' 
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TABLE  11- 

6 AIRPia\'c  VI«RAT!9N  MOOE 

SHAPES* 

, FINAL 

STIPCvcss 

OFSIGm 

SYMmftr 

IC  , HI 

9H  GROSS  Wc 

IGHT 

DOK 

9 

MODE  10 

MQHj:  11 

mode  12 

MODE  13 

v-,OC  14 

»Xe  15 

MODE  16 

39 

.0723 

-.0012 

• 0012 

-.2738 

.0155 

-.0485 

.0852 

-.2231 

40 

.0852 

-.0020 

-.0092 

-.2526 

.0448 

-.2384 

.1829 

- . I6b3 

41 

.068? 

-.0028 

-.0259 

-.1690 

.0909 

-.4629 

.2177 

.0483 

42 

.0143 

-.0036 

-.0483 

-.0497 

.1160 

-.4618 

.1408 

.26  76 

43 

-.0744 

-.0048 

-.0777 

.0496 

.1521 

-.3068 

.0248 

.3605 

44 

- • 165c 

-.0063 

-.1091 

.0809 

.1830 

-.1059 

-.0677 

.2942 

45 

-.2927 

-.0086 

-.1597 

.0400 

.2172 

.1663 

-.1562 

.0570 

46 

-.3518 

-.0100 

-.1894 

-.0123 

.2294 

.2  799 

-.2009 

-.1006 

47 

-.37RC 

-.0116 

-.2148 

-.0627 

.2343 

.3317 

-.2618 

-.2297 

48 

-.3757 

-.0117 

-.2207 

-.0872 

.2280 

.3381 

-.2858 

-.2924 

49 

-.3460 

-.0108 

-.2081 

-.0902 

.2180 

.3236 

-.2821 

-.3213 

50 

-.30?c 

-.0100 

-.1866 

-.0813 

.2071 

.3041 

-.2733 

-.3351 

51 

-.2612 

-.0099 

-.1555 

-.0614 

.1959 

.2823 

-.2 677 

-.3414 

52 

-.2080 

-.0102 

-.1165 

-.0324 

.1849 

.2593 

-.2678 

-.3414 

53 

-.1433 

-.0114 

-.0644 

.0106 

.1737 

.2331 

-.2793 

-.3316 

54 

-.0696 

-.0136 

-.0003 

.0676 

.1633 

.2057 

-.3107 

-.3130 

55 

.0170 

-.0168 

.0789 

.1405 

.1521 

.1725 

-.3584 

-.2753 

56 

.106° 

-.01°o 

.1636 

.2204 

.1412 

.1377 

-.4198 

-.2251 

57 

.2  200 

-.0238 

.2731 

.3255 

.1282 

.0927 

-.5102 

-.1468 

58 

.3313 

-.0272 

.3820 

.4307 

.1150 

.0466 

-.6022 

-.0570 

5<J 

-.0597 

.0009 

.0002 

.0539 

-.0059 

.1702 

.0080 

.1603 

60 

-.0310 

.0006 

.0030 

-.0535 

-.0091 

.2515 

-.0231 

.1509 

61 

.0021 

.0001 

.0053 

-.1430 

-.010? 

.2531 

-.0423 

.0527 

62 

.003? 

.0001 

.0055 

*-•  1555 

-.0100 

.2633 

- ,040c 

.0482 

63 

.0310 

-.0002 

.0065 

-.1817 

-.0089 

. 1698 

-.0349 

-.0616 

64 

.0387 

-.0004 

.0061 

-.2202 

-.0050 

.1594 

-.0104 

-.1042 

65 

.0548 

-.0006 

.007? 

-• lc82 

-.0077 

.0779 

-.0262 

-.1633 

66 

.0657 

-.0009 

.0048 

-.2477 

.0023 

.0230 

.0270 

-.2271 

67 

.0598 

-.0005 

.0082 

-.1287 

-.0116 

-.0015 

- .0369 

-.1158 

6? 

.0687 

-.0008 

.0043 

-.1633 

.0017 

-.oeoc 

.0195 

-.1398 

69 

.0930 

-.0016 

-.0031 

-.2296 

.0274 

-.2210 

.1346 

-.1936 

70 

.0646 

-.0006 

.0067 

-.0786 

-.0093 

-.0835 

-.0277 

-.0863 

71 

.0704 

-.0012 

-.0036 

-.1094 

.0201 

-.2399 

.0627 

-.0386 

7? 

.0749 

-.0024 

-.0191 

-.1648 

.0667 

-.4404 

.2142 

.0182 

73 

.0511 

.0001 

.0117 

.0095 

-.0249 

-.0433 

-.0679 

-.0449 

74 

.056? 

-.0006 

.0029 

.0019 

-.003° 

-.1552 

-.0321 

.0101 

75 

.0476 

-.0014 

-.0134 

-.0167 

.0364 

-.2960 

• C 35  1 

.1232 

76 

.0264 

-.0029 

-.0373 

-.0409 

.0922 

-.4219 

.1160 

.2337 

’Elastic  modes  start  at  "mode  3." 
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*--4  TEW** 


i 

■MQtr  H- 

6 A TP  pi.  ANJP  v I BP  A 

TI0*'  M°0 

5 SHA*>C R * 

♦ PT9AL 

$TIFFT."S9 

n E s i n * 

> 

?L- 

Jr* 

*•  ■*• 

prw 

M*inc  9 

$YM,,cTt; 

if) 

IC  ♦ HIGH  GROSS 
ll  i»-)r>p  12 

Wc ! 0HT 

MPOF  13 

'nO*  14 

mpoF  15 

77 

.0413 

.0006 

.0161 

.0791 

-.0349 

-.0330 

-*0738 

-.0185 

JT 

Jp 

78 

.0326 

.0000 

.0050 

.0784 

-.0132 

-.0368 

-.0624 

.0386 

t 

79 

.0144 

-.0009 

-.0125 

.0600 

• 023c 

-.1655 

-.0468 

.1474 

r * 

80 

-.0272 

-.0028 

-.0450 

.06  78 

.0901 

-.2524 

-.0059 

.2815 

t 

81 

.0248 

.0011 

.0179 

.1482 

-.0438 

.0057 

-.0899 

.0022 

82 

.0003 

.0001 

.0022 

.1477 

-.0116 

-.0086 

-.0775 

.0610 

% 

83 

-.0097 

-.0007 

-.0116 

.1335 

.0161 

-.0625 

-.0772 

. 1?  75 

5w 

84 

-.0680 

-.0028 

-.0493 

.1176 

.0865 

-.0995 

-.059? 

.2336 

f- 

tr  * 

85 

-.1368 

-.0053 

-.0923 

.0600 

.1572 

-.1132 

-.0571 

.2  889 

86 

-.0300 

-.0006 

-.0080 

.1612 

.0086 

.0345 

-.0641 

.0766 

¥ 

87 

-.1070 

-.0028 

-.0488 

.1301 

.0800 

.0627 

-.0597 

.1181 

i.* 

88 

-.1974 

-.0065 

-.1040 

.0854 

.1520 

.102 

-.0054 

.1118 

89 

.0098 

.0018 

.0251 

.1977 

-.0583 

.0779 

-.0613 

-.0163 

f 

90 

-.0181 

.0003 

.0109 

.1910 

-.0243 

.0999 

-.0398 

.0170 

$. 

91 

-.0412 

-.0006 

-.0004 

.1754 

.0005 

.1141 

-.0252 

.0310 

f 

92 

-.1289 

-.0027 

-.0390 

.1105 

.0719 

. 1695 

-.0128 

.02  56 

93 

-.2464 

-.0043 

-.1032 

.0301 

.1429 

.2612 

-.0352 

-.0553 

J?_ 

94 

-.3157 

-.0070 

-.1643 

-.0243 

.1853 

.234Q 

-.1248 

—.1223 

95 

-.2315 

-.0047 

-.1468 

-.0309 

.1520 

.2650 

-.0708 

-.1120 

Ip- 

96 

-.2968 

-.0054 

-.1767 

-.0721 

.1663 

.2765 

-.1294 

-.1995 

fj 

97 

-.2860 

-.0058 

-.1799 

-.0846 

. 1 704 

.2702 

-.1679 

-.2534 

f 

98 

-.2588 

-.0065 

-.1623 

-.0737 

.1736 

.26  38 

-.1937 

-.2899 

*r‘  ; 

99 

-.1180 

-.0036 

-.0683 

-.0121 

.1261 

. 1845 

-.1186 

- .2407 

$ 

100 

.0875 

-.0053 

.1002 

.1290 

.0778 

.0364 

-.1157 

- . 1 142 

101 

.1991 

-.0131 

.2201 

.2522 

.0843 

.0598 

-.2817 

- .09  39 

102 

.3049 

-.0202 

.3359 

.3725 

.0899 

.0326 

-.4509 

- .079  1 

V. 

103 

.0043 

.0027 

.0336 

.1952 

— .06c6 

.1136 

-.0053 

-.0330 

104 

-.0210 

.0007 

.0263 

.1716 

-.0335 

. 1441 

.0175 

-.0144 

> 

105 

-.0478 

-.0005 

.0291 

.1341 

-.0065 

. 1497 

.0288 

- .00  1 6 

106 

-.1195 

-.0024 

-.0105 

.0595 

.0524 

.2026 

.0  -66 

107 

-.2092 

.0000 

-.1170 

-.0496 

.0  806 

.2017 

.0327 

- .0704 

108 

-.2063 

.0024 

-.1416 

-.0851 

.0774 

. 1823 

.0414 

-.1010 

109 

-.1683 

.0052 

-.1342 

-.0886 

.072° 

.1553 

.0643 

- . 1 2 4 8 

1 10 

-.0643 

.0044 

-.0617 

-.0200 

.0706 

.1211 

.0493 

-.1479 

f > 

111 

-.0042 

.0010 

.0060 

.0349 

.073? 

. 1076 

-.0037 

-.13  ) 3 

V 

112 

.010? 

.0030 

.0353 

.1856 

-.0762 

. 1068 

.0090 

- . 0 4 1 3 

113 

.0049 

.0026 

.0349 

.1723 

-.0660 

. 1223 

.0238 

- .0397 

r 

114 

-.0134 

.0013 

.0396 

.1234 

-.0378 

.1363 

.0475 

-.022  ) 

I 


‘Elastic  modes  start  at  "mode  3." 
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TA8LP  11- 

6 ATPPt 

AN r VIB*AT 

JOM  MOOF 

SHAPES  * 

, FINAL 

stiffness 

Oc S T GN 

$YMMr  Tc ] C , HIOH 

OF  OSS  W 

c IOHT 

ft  on 

Mqpc  9 

fc*nnF  10 

Monf  n 

MPHf  12 

HOOF  13 

Mqnf-  i^ 

wcor  if 

wnnp  16 

1 1 *> 

-.0462 

.0001 

.0593 

.0597 

-.0082 

. 1264 

.0558 

-.0092 

116 

-.0820 

-.0017 

.0380 

.0147 

.0210 

. 1661 

.0965 

-.0245 

117 

-.0952 

-.0021 

-.0479 

-.0231 

.0333 

.1704 

.0958 

-.0411 

118 

-.121® 

.0027 

-.1088 

-.0812 

.0154 

.1110 

.0825 

-.0374 

119 

-.0863 

.0146 

-.1320 

-. 1298 

-.0266 

.0202 

.2077 

-.0128 

120 

-.0136 

.0216 

-.0724 

-.0845 

-.0316 

.0106 

.3421 

.0021 

121 

.0557 

.0201 

-.0090 

-.0286 

-.0335 

-.0038 

.3529 

.0006 

122 

.1125 

.0202 

.0417 

.0176 

-.0385 

-.0229 

.3465 

.0328 

123 

.1727 

.0134 

.1094 

.0862 

-.0310 

-.0335 

.2602 

.0458 

124 

.2687 

.0044 

.2202 

.2061 

-.0173 

-.0503 

.0918 

.0800 

125 

.3797 

-.0051 

.3506 

.3468 

-.0009 

-.0709 

-.1326 

.1351 

126 

.4396 

-.0101 

.4216 

.4237 

.0077 

-.0828 

-.2607 

.1706 

127 

.5163 

-.0164 

.5126 

.5225 

.0189 

-.0980 

-.4269 

.2161 

1 28 

.r  390 

-.0226 

.6987 

.6159 

.0302 

-.1112 

-.5838 

.2533 

129 

.00?  5 

.0033 

.0672 

.1794 

-.0846 

. 385 

.0400 

-.0707 

130 

.0114 

.0023 

.0715 

.1264 

-.0622 

. 1543 

.0803 

-.0573 

131 

.0015 

.0038 

.0770 

.1807 

-.0980 

. 1604 

.080  1 

- .0949 

132 

-.0137 

.0029 

.0976 

.1203 

-.0764 

. 176Q 

.1147 

-.0838 

133 

-.0376 

.0021 

.1343 

-. 1547 

.0014 

-.0411 

.0380 

.0158 

134 

-.0536 

-.0011 

.0457 

-.0382 

-.0021 

. 1509 

.1658 

-.0372 

135 

-.0564 

-.0019 

-.0098 

-.0567 

.0029 

.1634 

.1614 

-.0626 

136 

-.0305 

-.0008 

.0480 

-.0853 

- .0222 

. 1494 

.2563 

-.0562 

137 

-.0341 

-.0017 

-.0082 

-.1018 

-.0166 

. 1636 

.2832 

-.0724 

138 

-.0208 

.0039 

-.1422 

-.1173 

-.0460 

-.0427 

.0376 

.0075 

139 

.0782 

.0338 

-.0423 

-.0900 

-.1076 

-.0760 

.5969 

.1165 

140 

.1372 

.0381 

.0169 

-.0376 

-.1007 

-.0796 

.6420 

.1217 

141 

.2671 

.0253 

.1521 

.0971 

-.1017 

-.122? 

.4766 

.1732 

142 

.3  746 

.0154 

.2770 

.2299 

-.0908 

1466 

.3041 

.2353 

143 

.4967 

.0049 

.4221 

.3869 

-.0756 

-.  1739 

.0566 

.3203 

144 

.6381 

-.0060 

.5926 

.5727 

— • 0 5C8 

-.2111 

- .2643 

.4577 

145 

.7744 

-.0146 

.7584 

.7539 

-.0515 

-.2690 

-.5873 

.656? 

146 

.8712 

-.0215 

.8755 

.8816 

-.0424 

-.2878 

-.8125 

.7697 

147 

-.0357 

.0041 

.2105 

-.3970 

.024° 

-.2505 

-.0171 

.0607 

148 

.1661 

-.0012 

-.1768 

-.1143 

-.1159 

-.2655 

-.1163 

.0844 

149 

.2201 

.0519 

.0537 

-.0318 

-.1609 

-.1502 

1 .0000 

.2410 

150 

.3645 

.0261 

.2337 

. 1663 

-.1306 

-.1769 

.5022 

.2662 

151 

.5514 

.0097 

.4550 

.4046 

-.1112 

-.2226 

.1496 

.4073 

152 

.7985 

-.0075 

.7548 

.7320 

-.0912 

-.3009 

-.426? 

.7196 

"Elastic  modes  start  at  "mode  3.” 
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TABL c 11-6  AIOOLANP  VIBRATION  MODE  SHAPES 


♦ 


PINAL  STIFFNESS  DESIGN 


SYMMETRIC  * HIGH  GROSS  WCIGHT 


FOW 

MHOE  9 

MODE  10 

MHOE  11 

WOOF  12 

153 

1.0000 

-.0208 

1.0000 

1.0000 

15* 

-.3933 

-.0129 

-.2305 

-.0925 

155 

-.3695 

-.012* 

-.219* 

-.0935 

156 

-.3313 

-.0122 

-.1968 

-.0829 

157 

-.28*0 

-.0126 

-.16*1 

-.06  09 

158 

-.2307 

-.0136 

-.12*3 

-.0306 

159 

-.1661 

-.0153 

-.0717 

.0133 

160 

-.0927 

-.0179 

-.007* 

.0706 

161 

-.0063 

-.0210 

.0718 

.1*39 

162 

.0820 

-.02*2 

.15*9 

.2223 

163 

.19*2 

-.0279 

.2636 

.3267 

16* 

.0116 

.0022 

.007* 

.0068 

165 

• 03c6 

. 00*9 

.0163 

.0031 

166 

.0732 

.0503 

.0058 

-.0203 

167 

.2110 

.2*3* 

.0978 

.1205 

168 

.36*3 

.*613 

.2088 

•?Q*2 

169 

.5529 

.7325 

.3502 

.5176 

170 

-.0023 

.0012 

-.0001 

.0032 

171 

.0257 

-.0012 

.0103 

.0003 

172 

.0708 

.0*92 

.0122 

-.0078 

173 

.019* 

.0053 

.0153 

.0165 

17* 

.0651 

.0*62 

.02*5 

.0166 

175 

.1988 

.2252 

.1020 

.1295 

176 

.3586 

.*529 

.2117 

.3000 

177 

.0*72 

.011* 

.0372 

.0379 

178 

.1726 

. 1 866 

.1109 

.1*8* 

179 

.3*00 

.*256 

.2193 

.3158 

180 

.*866 

.6371 

.3189 

.*716 

181 

.6*06 

.8601 

.42*3 

.6369 

182 

.213* 

.2*17 

.1760 

.2563 

183 

.3035 

.3713 

.226* 

.3328 

18* 

.*733 

.6175 

.3266 

.*870 

185 

.5*81 

.7260 

.3705 

.55*5 

186 

.27** 

.3281 

.2271 

.3376 

187 

.**99 

.5827 

.3326 

.500* 

188 

.63*7 

.8516 

.**35 

.6718 

189 

.736* 

1.0000 

.5053 

.7676 

140 

.1197 

.01*5 

.0732 

-.0061 

MOPE  13 
—.0768 
.2*32 
.2360 
.2263 
.2159 
.2057 
.1951 
.1855 
.1750 
.1651 
.1530 
-.02*1 
-.0663 
-.0909 
.1001 
.3399 
.6522 
-.0119 
-.0593 
-.0766 
-.0313 
-.0*82 
.1027 
.3*29 
-.0*77 
.108* 
.3*95 
.5758 
.817* 
.2267 
.3*70 
.58*9 
. 689* 
.3357 
.5859 
.8510 
1.0000 
-.11*5 


MOOE  1* 
-.3687 
.352* 
.3*23 
.32*9 
.30*5 
.2829 
.2579 
.231* 
.1993 
.1663 
.1227 
-.0223 
-.0728 
-.112* 
.0626 
.289* 
.5885 
-.0111 
-.0668 
-.0991 
-.0*50 
-.072* 
.0637 
.2917 
-.0779 
.0664 
.2959 
,5i4* 
.7*8* 
.1752 
.2895 
.5216 
.6235 
.2757 
.5198 
.7796 
.9262 
-.0153 


MPDf  15 
-.9069 
-.3220 
-.325* 
-.3231 
-.3226 
-.3272 
-.3*29 
-.3776 
-.*302 
-.*9** 
-.5877 
-.00*4 
.0921 
.2660 
.177* 
.00*8 
-.25*9 
-.0339 
.0563 
.2203 
-.0045 
.1279 
.1171 
-.0305 
.0256 
-.0129 
-.1350 
-.2793 
-.*391 
-.269* 
-.2918 
-.3703 
-.*02* 
-.38*5 
-.*816 
-.5803 
-.6*26 
.*937 


vnne  16 
1.0000 
-.3198 
-.3*65 
-.3636 
-.3717  ; 
-.37*0 
-.3668 
-.3505 
-.3158  j 
-.2716  i 
-.1978 
-.002*  ! 
.0628  i 
.1325  | 
.0807  j 
-.0135  j 
-.1530  j 
-.0236  3 
.0*23  i 
.1139  i 
.00  78  \ 
.0755  jj 
.0598  ; 
-.026?  ( 
.0**1 
.01*3 
-.0631 
-.1*99 
-.2*56 
-.0095 
-.1155 
-.1828 
-.2116 
-.1**6 
-.2206  , 
-.3013 
-.3502 
.1313 


’Elastic  modes  start  at  "mode  3." 


BOW 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 
201 
202 

203 

204 

205 

206 

207 

208 

209 

210 
211 
212 

213 

214 

215 

216 

217 

218 

219 

220 
221 
222 

223 

224 

225 


TABLB  11-6  AIRPLANE  V I BP  AT  I PN  MQ[)E  SHAPES* 


FINAL  STIFFNESS  DFSIGN 


SYMMFT^If  . HIGH  GPO'S  WEIGHT 


MCOB  9 

MODE  10 

moof  ii 

MPOE  12 

-•1741 

-.0204 

-.0334 

.0043 

-.0021 

-.0001 

-.0012 

-.0006 

.2478 

-.0014 

.0265 

-.9537 

.1334 

-.0006 

.0139 

-.4664 

.0489 

.0001 

.0048 

-.1147 

-.0197 

.0006 

-.0020 

.1466 

-.0041 

.0013 

-.0081 

.3841 

-.1112 

.0015 

-.0085 

.4093 

-.1155 

.0017 

-.0081 

.3962 

-.1179 

.0017 

-.0069 

. 3464 

-.1059 

.0015 

-.0049 

.2623 

-.0852 

.0013 

-.0025 

.1611 

-.0585 

.0009 

.0001 

.0555 

-.0295 

.0005 

.0027 

-.0437 

.0007 

.0002 

.0048 

-.1202 

.0274 

-.0002 

.0064 

-.1596 

.0471 

-.0004 

.0076 

-.1610 

.0561 

-.0003 

.0089 

-.1210 

.0560 

-.0001 

.0108 

-.0589 

.0507 

.0003 

.0136 

.0120 

.0424 

.0008 

.0171 

.0792 

.0321 

.0014 

.0222 

.1359 

.0212 

.0022 

.0281 

.1741 

.0140 

.0028 

.0316 

.1851 

.0110 

.0028 

.0316 

.1825 

.0104 

.0021 

.0252 

.1536 

.0201 

-.0020 

-.0125 

-.0475 

.0313 

-.0055 

-.0447 

-.2234 

.0449 

-.0097 

-.0836 

-.4367 

-.0001 

.0000 

.0003 

.0014 

.0370 

-.0075 

-.0630 

-.3242 

.0314 

-.0056 

-.0453 

-.2264 

-.0001 

.0000 

.0002 

.0013 

-.0697 

• 0010 

-.0064 

.3168 

.0129 

.0005 

.0107 

.0777 

MODE  13 

MODE  14 

MPOF  15 

VOQE  16 

.0780 

• 0746 

-.3897 

-.0880 

.0011 

.0015 

-.0033 

-.0018 

-.0274 

1.0000 

.0103 

.3924 

-.0130 

.4430 

.0126 

.1136 

-.0029 

.0571 

.0162 

-.0624 

.0040 

-.2052 

.0227 

-.1589 

.0098 

-.3720 

.0451 

-.1639 

.0081 

-.3320 

.0704 

-.1021 

.0063 

-.2560 

.0828 

-.0287 

.0039 

-.1541 

.0800 

.0472 

• 0006 

-.0345 

.0646 

.1118 

-.0026 

.0734 

.0385 

.1466 

-.0055 

.1597 

.0094 

.1489 

-.0080 

.2139 

-.0170 

.1166 

-.0093 

.2139 

-.0344 

.0439 

—.009° 

.1626 

-.0402 

-.0400 

-.0109 

.0894 

-.0417 

-.0995 

-.014? 

.0233 

-.0475 

-.1045 

-.0206 

-.0115 

-.061  l 

-.0830 

-.0293 

-.0252 

-.0  741 

-.0545 

-.0394 

-.0190 

-.0813 

-.0309 

-.0521 

.0126 

-.0776 

-.0239 

-.0649 

.0547 

-.0542 

-.0307 

-.0724 

.0853 

-.0170 

-.0407 

-.0742 

.1011 

.0152 

-.0508 

-.0666 

. 1051 

.0539 

-.0618 

.0050 

-.0213 

.0168 

-.0253 

.0716 

-.1596 

-.0715 

.0285 

.1536 

-.3333 

-.1926 

.1013 

-.0005 

.0012 

.0009 

-.0005 

.1108 

-.2446 

-.1348 

.0656 

.0  726 

-.1614 

-.0717 

.0208 

-.0005 

.0010 

.0007 

-.0004 

.0079 

-.3428 

.0345 

-- 1819 

-.0407 

.0665 

.0577 

-.0541 

'Elastic  modes  start  at  "mode  3." 
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TABLF  11-6  APPLANF  V I BB  A T j om  MOOE  SHAPF?  , FINAL  STICcmpcc  oFMGN 


SYMMpt&IC  f HIGH  GdOSS  WEIGHT 


PPW 

1 

2 

3 

A 

5 

6 
7 
P 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 
3? 

33 

34 

35 

36 

37 

38 


MO  OF  17 

MODE  18 

MODE  19 

mode  20 

-.0296 

-.0171 

.1149 

.2441 

.0001 

-.0061 

.0066 

.0102 

.00 12 

.0052 

-.0308 

-.0481 

-.0002 

-.0000 

.0003 

.0003 

-.0001 

.0002 

.0003 

.0023 

.0000 

.0000 

-.0001 

.0001 

-.0099 

-.0167 

.1070 

.2880 

.0215 

.0063 

.0048 

.0129 

.0226 

.0202 

-.0204 

-.0491 

.0001 

.0003 

.0005 

.0013 

-.0006 

.0002 

.0006 

.0022 

.0001 

.0000 

-.0001 

-.0005 

• 0 ?60 

-.0071 

-.2376 

.0232 

.0175 

-.0121 

.0309 

.1589 

.0573 

.0136 

.0839 

.2322 

.0946 

-.0168 

.2068 

.0870 

.0384 

-.0069 

.3072 

-.0632 

.0972 

-.0757 

-.1799 

-.0625 

.0  796 

-.1469 

-.3566 

-.1475 

.1562 

- . 12°3 

-.4468 

-.2272 

.2957 

-.0388 

-.4452 

-.2755 

.0251 

-.0070 

-.2270 

.0249 

.0243 

-.0102 

-.1721 

.0799 

.0222 

-.0120 

-.1012 

.1214 

.0163 

-.0116 

.0290 

.1480 

.0088 

-.0055 

.1435 

.0Q61 

.0042 

.0059 

.2083 

.0137 

.0161 

.0.138 

.1853 

.0302 

.0354 

.0150 

.1193 

.1174 

.0782 

.0058 

-.0187 

.3399 

.1038 

-.0099 

-.0226 

.3579 

.0741 

-.0070 

-.2151 

.0265 

.0232 

-.00O<) 

-.1603 

.0784 

.0207 

-.0112 

-.0963 

.1100 

• 0 ’ 49 

-.0109 

.0264 

.1356 

• 006P 

-.0053 

.1261 

.0793 

.0016 

.0053 

.1857 

-.0013 

.0097 

.0128 

.1708 

-.0016 

697 
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TABL c 11-6  ATRPLANF  VIBRATION  Mr>DE  SHAPES  , FINAL  STIFFNESS  DESIGN 


SYVMFTP1C  , HIGH  GROSS  WEIGHT 


ROW 

MODS  17 

MQOF  18 

MODE  19 

Mn9E  20 

39 

.0264 

.0154 

.1140 

.0608 

40 

.0694 

.0059 

-.0403 

.3097 

41 

.095? 

-.0104 

-.045  8 

.3303 

4? 

.0738 

-.0157 

.1683 

.0133 

43 

.0406 

-.0089 

.3962 

-.1982 

44 

.0245 

-.0015 

.4533 

-.1849 

45 

.0307 

-.0036 

.2929 

-.0496 

46 

.0463 

-.0153 

.1232 

.0055 

47 

.0711 

-.0417 

-.0443 

-.0120 

48 

.0786 

-.0625 

-.1427 

-.0341 

49 

.0676 

-.0859 

-.1957 

-.0545 

50 

.0549 

-.1058 

-.2323 

-.0711 

51 

.0451 

-.1230 

-.2652 

-.0885 

5? 

.0405 

-.1363 

-.2957 

-. 1067 

53 

.0461 

-.1421 

-.3233 

-.1269 

54 

.0682 

-.1375 

-.3505 

-.1513 

55 

.1083 

-.1152 

-.3615 

-.1729 

56 

.1632 

-.0781 

-.3580 

-.1911 

57 

.2484 

-.0130 

-.3311 

-.2065 

58 

.3403 

.0648 

-.2809 

-.2116 

69 

.0203 

-.0108 

-.1080 

.1005 

60 

.0148 

-.0114 

.0052 

.1332 

61 

-.0014 

-.0032 

.1396 

.0176 

62 

.OOOQ 

-.0030 

.1673 

.0362 

63 

-.0147 

.0059 

.1104 

-.1039 

64 

-.0034 

.0091 

.1740 

-.0565 

65 

-.0270 

.0140 

.0840 

-.2335 

66 

-.0045 

.0J95 

.1301 

-.1538 

67 

-.0339 

.0070 

-.0556 

-.1536 

68 

-.0106 

.0071 

-.0793 

-.0619 

69 

.0426 

.0084 

- • 09Q6 

.2209 

70 

-.0319 

.0024 

-.1300 

-.1305 

71 

.0116 

-.0036 

-.1464 

-.0086 

72 

.0912 

-.0118 

-.1406 

.4075 

?3 

-.0426 

.0001 

-.1030 

-.1165 

74 

- .0308 

-.0053 

-.1484 

-.1792 

75 

.0047 

-.0124 

-.0832 

-.2194 

76 

.0566 

-.0155 

.1021 

-.0496 
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TABlc  11-6  AIRPLANE  VIBRATION  MO")E  SHAPES  » FINAL  STIFFNESS  DESIGN 


SYMMETRIC  » HIGH  GROSS  WEIGHT 


P^W 

HOOF  17 

HOOF  18 

MODE  19 

«06E  29 

77 

-.0525 

-.0025 

-.1075 

-.0791 

78 

-.0358 

-.0033 

-.0696 

-.1189 

79 

-.0275 

-.0052 

.0338 

-.2301 

80 

.0070 

-.0068 

.2501 

-.2509 

81 

-.0515 

-.0026 

-.0885 

.0053 

8? 

-.0396 

.0029 

-.0025 

-.0175 

03 

-.0397 

.0028 

.0750 

-.1135 

8 A 

-.0152 

.0039 

.2817 

-.1658 

85 

.0155 

.0003 

.5201 

-.1869 

86 

— .0?  '5 

.0106 

.0650 

.0581 

87 

-.0211 

.0161 

.2075 

.0365 

88 

.0026 

.0097 

.2899 

-.9005 

89 

-.0176 

-.0002 

-.0523 

.2520 

50 

-.022° 

.0129 

.0083 

.2529 

91 

-.0228 

.0191 

.0566 

.2109 

92 

-.0202 

.9268 

.1226 

.1750 

c3 

-.0055 

.0207 

.1065 

.1501 

95 

.0251 

-.0056 

.0628 

.06  73 

95 

.0087 

.0035 

.0582 

.0908 

c 6 

.0190 

-.0362 

-.0523 

.0368 

97 

.0227 

-.0698 

-.1290 

-.0073 

98 

.0207 

-.0991 

-.1897 

-.0512 

Q<5 

-.021? 

-.1159 

-.1907 

-.0520 

109 

.0030 

- .0775 

-.1533 

-.0523 

101 

.1213 

-.0252 

-.1939 

-.1001 

102 

. 2 5C  6 

. 0553 

-.2101 

-.1590 

103 

.0202 

-.0032 

-.0129 

.2536 

105 

.0052 

.0153 

.0052 

.278  6 

105 

-.0053 

.0238 

.0130 

.2153 

106 

-.0173 

.0352 

• 95  64 

.1902 

107 

-.0152 

.0233 

.0357 

.1152 

108 

-.0353 

-.0019 

.0155 

.0985 

109 

-.0730 

-.0556 

-.0070 

.0815 

1 10 

-.0927 

-.0932 

-.0657 

.0363 

111 

-.0669 

-.0975 

-.1051 

.0055 

112 

.0392 

-.0130 

.0189 

.1538 

113 

.0317 

-.0027 

.0036 

.1772 

115 

.0181 

.0152 

- .0127 

.2161 

« 


11-6  AIRPLANE  VI3PATIPN  MQOF  SW4PFS  f FINAL  STIFFvcc$  ->c«;iGN 


Symmetric  » HIGH  GROSS  W5 IGHT 


ROW 

Moot  17 

!*0r»F  l» 

Mf)OF  19 

20 

115 

.0045 

.0233 

-.0123 

• 1617 

116 

-.0088 

.0412 

-.0179 

.1711 

117 

-.0056 

.0435 

-.0260 

• 0965 

118 

-.0149 

.0306 

-.0026 

• 0636 

119 

-.1145 

-.0109 

.0746 

.1124 

120 

-.2147 

-.053  • 

.1361 

.1683 

121 

-.2295 

-.0713 

.1252 

.1478 

122 

-.2245 

-.0655 

.1371 

. 1554 

123 

-.1714 

-.0477 

.1165 

.1331 

124 

-.0564 

.0040 

.0893 

.0890 

125 

.1076 

.0890 

.0681 

.0297 

126 

.2045 

.1432 

.0632 

-.0029 

127 

.3304 

.2134 

.0563 

-.0460 

128 

.4462 

.2737 

.0392 

-.0908 

129 

.0690 

-.0120 

.0351 

.4903 

130 

•0574 

.0073 

.0004 

.6250 

131 

.0990 

-.0152 

.0527 

.8043 

132 

.0891 

.0058 

.0114 

1.0000 

133 

.0120 

.0053 

-.0439 

-.0577 

134 

.0001 

.0738 

-.1387 

.2807 

135 

.0061 

• 0980 

-.2112 

.3505 

136 

.0103 

.1258 

-.3190 

.5079 

137 

.0166 

.1523 

-.3993 

.5938 

138 

.0116 

.017? 

-.0266 

-.0608 

139 

-.3402 

-.0431 

.3028 

.3042 

140 

-.3841 

-.0743 

.3151 

.2982 

141 

-.2675 

-.0218 

.2839 

.2408 

142 

-.1406 

.0519 

.2975 

• 2183 

143 

.0519 

.1692 

.3160 

.1703 

144 

.3234 

.3607 

.4004 

.12  32 

145 

.6319 

.6230 

.6031 

.1208 

146 

.8329 

.7781 

.7041 

.1010 

147 

.0103 

-.0199 

-.0586 

-.3361 

148 

■ 09o6 

-.0026 

-.0746 

-.3162 

149 

-.6066 

-.1020 

.6032 

.5733 

15C 

-.2563 

.0255 

.3777 

.2883 

151 

.0228 

.2057 

.4339 

.2382 

152 

.5482 

.6243 

.7166 

• 2016 

600 


jr. 


- -*■  -ft-. 
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T ABl  ~ 11-6  AIRPLANE  VI8PATI0N  ^OOE  SHAPES 


«;ymmctrjc  , Hir.H  GROSS  WEIGHT 


ROW 

''Oft  17 

MODE  18 

MroE  19 

MDOE  20 

153 

1.0000 

1 . 0000 

1.0000 

.1875 

154 

.0  900 

-.0726 

-.1708 

-.0539 

155 

.0843 

-.0921 

-.2202 

-.0733 

156 

.0750 

-.1124 

-.2631 

-.0932 

157 

.0682 

-.1295 

-.3003 

-.1128 

158 

.0659 

-.1432 

-.3353 

-.133? 

159 

.0736 

-.1497 

-.3679 

-.1560 

160 

.0970 

-.1460 

-.3996 

-.1828 

161 

.1394 

-.1247 

-.4171 

-.2083 

162 

.1939 

-.0917 

-.4237 

-.2314 

163 

.2793 

-.0298 

-.4056 

-.2516 

164 

.0062 

-.0060 

-.0177 

-.0250 

165 

-.0307 

.0081 

,060i 

.0121 

166 

-.1212 

.0085 

.1859 

.0880 

167 

-.0933 

.0139 

.1715 

.1101 

168 

-.0248 

.0202 

.0928 

.1059 

169 

.0834 

.0282 

-.0456 

.0816 

1^0 

.0157 

-.0139 

-.0355 

-.0411 

171 

-.0163 

.0010 

.0305 

-.0111 

172 

-.1003 

.0051 

.1571 

.0673 

173 

.0033 

-.0151 

-.0086 

-.0420 

174 

-.0583 

-.0023 

.0982 

.0251 

175 

-.0640 

.0071 

.1269 

.0693 

176 

-.0076 

.0164 

.0655 

.0809 

177 

-.0097 

-.0155 

.0261 

-.0425 

178 

-.0008 

-.0078 

.0289 

-.0203 

179 

.0*38 

.0043 

-.0165 

.0040 

180 

.1010 

.0161 

-.0845 

.0202 

181 

. 1 645 

.0295 

-.1613 

.04  00 

182 

.1179 

-.0277 

-.147° 

-.1643 

183 

.1215 

-.0163 

-.1419 

-.1220 

184 

.1457 

.0062 

-.1562 

-.0454 

185 

.1551 

.0165 

-.1631 

-.0086 

186 

.1679 

-.0304 

-.2175 

-.2031 

18  7 

.2011 

-.0082 

-.2466 

-.1358 

188 

.2336 

.0175 

-.2716 

-.0492 

189 

.2556 

.0322 

-.2927 

-.0015 

190 

-.2216 

-.04  79 

.1212 

-.0469 

I 


TftQLc  11-6  AIPPLAN?  V! 3° AT l MOP  SMAPFS  , FINAL  $TIFF»c$$  DESIGN 


SYMMETRIC 


HIGH  GRf*S  WFTGHT 


| pr»w 

Mor»c  17 

wpOE  18 

MQOP  19 

vnnc  20 

| l°l 

.2014 

.0430 

-.1161 

-.0205 

1 192 

• 0016 

-.0001 

-.0021 

-.0014 

i 1^3 

• 0526 

-.0223 

-.3336 

.1213 

F IF4 

.0141 

-.0040 

-.0576 

-.0010 

r 195 

-.0095 

.0071 

.0997 

-.0720 

r i96 

-.0214 

.0128 

.1572 

-•  10t»3 

[ lc7 

-.0182 

.0131 

.0760 

-.1203 

l 198 

-.0064 

.0106 

-.0471 

-.1381 

f 199 

.0053 

• C0t3 

-.1490 

-.1220 

f 200 

.0156 

.00)7 

-.2132 

-.0705 

! 201 

.0224 

- . 90'*  7 

-.2257 

-.0060 

| 202 

.0234 

-.0084 

-.1838 

.0524 

t 203 

.0193 

-•00r  7 

-.1051 

.0828 

i 204 

.0104 

-.0080 

-.0099 

.0692 

1 205 

-.0032 

-.0024 

.0665 

-.0078 

i 206 

-.0173 

.0040 

.0754 

-.1029 

| 207 

-.0292 

.0080 

.0330 

-.1695 

1 208 

-.0370 

.0069 

-.0370 

-.1672 

I 209 

-.0430 

.0041 

-.0801 

-.1484 

I 210 

-.0456 

.0009 

-.1054 

-.1147 

211 

-.0429 

-.0021 

-.1107 

-.0659 

f 212 

-.0320 

-.0044 

-.0947 

.0128 

1 213 

-.0088 

-.OOM 

-.0594 

.0973 

5 21  4 

.0207 

-.0116 

-.0086 

.1097 

? 215 

• 04°t> 

-.0189 

.0531 

.0799 

216 

.0842 

-.0294 

.1436 

-.0128 

; 217 

.0422 

-.0170 

.1157 

-.0483 

i 218 

-.0487 

.0102 

-.0409 

.0284 

* 219 

-.1756 

.0491 

-.2790 

.1562 

| 2?0 

.0009 

-.0003 

.0018 

-.0010 

t 221 

-.1150 

.0306 

-.1697 

.1021 

? 2?  2 

-.0488 

.0102 

-.0389 

• 02  6C 

| 223 

.0007 

- .0002 

.0012 

-.0006 

f 224 

-.0224 

.0141 

• 1288 

-.1184 

* 225 

.0844 

-.0293 

.1698 

-.0566 

I 


1 


I 


T ARL  c 11-6  AIRPLANE1  VIBRATION  MC’>E  SHAPES*  » FINAL  STIFFN-cR  PrS!r,j 


^yMMFTric  t LPW  GcpS$ 


rw 

vnrc  i 

none  p 

MODE  3 

M0OE 

l 

.0000 

.1714 

.0377 

.0071 

2 

.0000 

- .0000 

.0132 

.02  09 

3 

1.0000 

-.2661 

.0093 

-.Ot/44 

4 

.0000 

.0000 

.0004 

.0006 

ft 

.0000 

.0005 

-.0003 

.0004 

6 

.0900 

-.0000 

-.0000 

.0000 

7 

.0000 

.1798 

.0542 

.0420 

ft 

.0000 

-.0000 

.021  3 

.0316 

9 

1 .0000 

-.2740 

.1685 

. 1457 

10 

.0000 

-.0090 

.0007 

.0010 

11 

.0000 

.0005 

-.0008 

-.0003 

12 

.0000 

-.0000 

.0000 

.0000 

13 

i.nooo 

.4536 

-.0596 

.1178 

14 

1.0000 

.3240 

-.1119 

.1961 

15 

1.0000 

.1523 

-.1400 

. 1992 

16 

1.0000 

.0162 

-.1219 

. 1430 

17 

l.OOCO 

-.1297 

.0026 

.1486 

18 

1.0000 

-.2089 

.1677 

.2594 

19 

1.0000 

-.2753 

.3837 

.4515 

20 

1 .0000 

-.3250 

.5688 

.6255 

21 

1.0000 

-.3586 

.7018 

.7535 

22 

1.0000 

.4468 

-.0622 

.1217 

23 

1.0000 

.*♦006 

-.0833 

.1554 

24 

1.0000 

.3645 

-.0980 

.1774 

25 

1.0000 

.3183 

-.1130 

.1968 

26 

1.0000 

.2842 

-.1224 

.2067 

27 

1.0009 

.2380 

-.1317 

.2118 

28 

l.OOCO 

.1989 

-.1368 

.2091 

29 

1.0000 

.1648 

-.1388 

.2016 

30 

1.0000 

.1137 

- 1385 

.1844 

31 

1.0000 

.0634 

-.1332 

.1623 

32 

1.0000 

.4397 

-.0649 

.1257 

33 

1.0000 

.3938 

-.0857 

.1536 

34 

1.0000 

.3580 

-.0996 

.1789 

35 

1.0000 

.3122 

-.1141 

.1974 

36 

1.0000 

.2784 

-.1227 

.2059 

37 

1.0000 

.2325 

-.1316 

.2103 

38 

1.0000 

. 1940 

-.1362 

.2069 

Wc I OHT 

w'-Q'r  5 MODE  6 MQOF  7 wp-if  p 1 • 

-.0720  -.1251  -.0076  .14^0 

.0276  .0750  - .0033  -.2266 

-.2333  -.0822  .0010  .300R 

-.0001  .0007  -.0001  -.0031 

.0011  .0010  .0001  -.OC?^ 

.0002  .0002  .0000  -.0003  I 

-.0607  -.2202  -.0274  -.0^61  \ 

.0973  .2230  .0214  .0607  ] 

-.1773  -.1807  -.0501  -.2366  i 

.0014  .0040  .0004  .0011  \ 

.0000  .0038  .0006  .0017  j 

.0001  .0003  .0000  .0001  i 

.0989  -.3516  -.0532  .0436  : 

.0345  -.2202  -.0325  .0191  l 1 

.0362  .0732  .0109  -.0218  • 

-.0056  .3100  .0403  -.060?  < ' 

-.0376  .4980  .0428  -.1016  f ; 

.0162  .4985  .0147  -.0759  - 

.2103  .4983  -.0180  .0*13  ' 

.427 ? .5420  -.0533  .2960 

.6030  .5931  -.084?  .4851 

.0982  -.3460  -.0522  .0397 

.0958  -.3113  -.0466  .0335 

.0917  -.2740  -.0407  .0274 

.0331  -.2125  -.0313  .0181 

.0752  -.1604  -.0234  .0105 

.0626  -.0831  -.0119  -.0002 

.0507  -.0134  -.0016  -.0097 

.0400  .0464  .0071  -.0177 

.0238  .1358  .0196  -.0301 

.0083  .2204  .0305  -.0430  jv 

.(.974  -.3401  -.0512  .0380  I. 

.0948  -.3045  -.0455  .0325 

.0903  -.2656  -.0394  .0262  * 

.0816  -.2042  -.0301  .0170 

.0734  -.1524  -.0223  .0096 

.0608  -.0762  -.010r  -.0005  , ' 

.0490  -.0090  -.0010  -.0099  ? 


\ 

k 


* Elastic  modes  start  at  "mode  3." 


REPRODUCIBILITY  OF  THE 
ORIGINAL  PAGE  IS  POOtt 
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TABLE  11-6  AIRPLANE  VIBPATION  MOOE  SHAPES*  , PINAL  STIFFNESS  r*FSIOl 


Symmetric  • LOW  GROSS  WEIGHT 


ow 

MODE  l 

BODE  2 

moop  3 

MODE  4 

MODE  5 

MODE  6 

mpoc  7 

**nr>c  8 

39 

1.0000 

.1602 

-.1331 

.1993 

.0383 

.0501 

.0077 

-.0178 

40 

1,0000 

.1056 

-.1376 

.1815 

.0223 

. 1369 

.0198 

-.0296 

41 

1.0000 

.0589 

-.1320 

.1586 

.0070 

.2190 

.0304 

-.0419 

42 

1.0000 

.0083 

-.1192 

.1354 

-.0078 

.2980 

,0390 

-.^562 

43 

1.0000 

- .0424 

-.0551 

.1187 

-.0224 

.3710 

.0444 

-.0720 

44 

1.0000 

-.0832 

-.0618 

.1177 

-.0346 

.4188 

.0453 

-.0847 

45 

1.0000 

-.1344 

.0020 

.1395 

-.0425 

.4619 

.0399 

-.0975 

46 

1.0000 

-.1614 

.0477 

.1641 

-.0399 

.4710 

.0334 

-.0997 

47 

1.0000 

-.1908 

.1078 

.2034 

-.0257 

.4590 

•0  L 1 9 

-.0967 

48 

1.0000 

-.2105 

.1550 

.2383 

-.0035 

.4471 

.0133 

-.0845 

49 

1.0000 

-.2305 

.2142 

.2895 

.0388 

.4376 

.0045 

-.0566 

50 

1.0000 

-.2479 

.2690 

.3365 

.0839 

.4311 

-.0035 

-.0232 

51 

1.0000 

-.2646 

.3247 

.3864 

.1352 

.4290 

-.0116 

.0185 

5? 

1.0000 

-.2809 

.3eOB 

.4374 

.1909 

.4304 

-.0202 

.0666 

53 

1.0000 

-.2976 

.4406 

.4928 

.2555 

.4373 

-.0302 

.1264 

54 

1.0000 

-.3139 

.5013 

.5498 

.3265 

.4507 

-.0415 

.1963 

55 

1.0000 

-.3306 

.5655 

.6108 

.4062 

.4694 

-.0546 

.2784 

56 

1.0000 

-.3462 

.6270 

.6698 

• 4860 

.4908 

-.0684 

.3634 

57 

1.0000 

-.3641 

• 6988 

.7392 

.5831 

.5197 

-.0857 

.4696 

58 

1.0000 

-.3807 

.7663 

.8047 

.6761 

.5479 

-.1026 

.5728 

59 

1.0000 

.3628 

-.0577 

.1762 

.0909 

-.2710 

-.0403 

.0271 

60 

1.0000 

.312? 

-.1136 

.1964 

.0813 

-.2038 

-.0300 

.0170 

61 

1.0000 

.2615 

-.1250 

.2062 

.0682 

-.1258 

-.0184 

.0062 

62 

1.0000 

.2615 

-.1256 

.2071 

.0686 

-.1257 

-.0183 

.0061 

63 

1.0000 

.2109 

-.1321 

.2059 

.0531 

-.0444 

-.0063 

-.0044 

64 

1.0000 

.2109 

-.1337 

.2081 

.0541 

-.0412 

-.0067 

-.0053 

65 

1.0000 

.1602 

-.1348 

.1959 

.0366 

.0354 

.0056 

-.0140 

66 

1.0000 

.1602 

-.1364 

.1977 

.0377 

.0425 

•0066 

-.0159 

67 

1.0000 

.1096 

-.1327 

.1757 

.0190 

.1030 

.0156 

-.0205 

66 

1.0000 

.1096 

-.1341 

.1767 

.020? 

.1120 

.0167 

-.0228 

69 

1.0000 

.1096 

-.1363 

.1791 

.0217 

.1261 

.0185 

-.0267 

70 

1.0000 

.0589 

-.1286 

.1509 

.0048 

.1606 

.0241 

-.0264 

71 

1.0000 

.0589 

-.1305 

.1508 

.0069 

.1797 

.0261 

-.0316 

72 

1.0000 

.0589 

-.1314 

.1559 

.0070 

.2043 

• 0?87 

-.0380 

73 

1.0000 

.0083 

-.IIQ9 

.1164 

-.0079 

.1895 

.0293 

-.0261 

74 

1.0000 

.0083 

-.1214 

.1187 

-.0075 

.2121 

.0312 

-.0321 

75 

1.0000 

.0083 

-.1207 

.1226 

-.0070 

.2341 

.0328 

-.0389 

76 

1.0000 

.0083 

-.1198 

.1309 

-.0075 

.2755 

.0368 

-.0502 

'Elastic  modes  start  at  "mode  3." 
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TABlc  11-6  AIRPLANE  VIBRATION  *006  SHAPES  * * FINAL  STIFFH^SS  OESIGv 


Rf'W 

T 7 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 
c6 

97 

98 

99 
100 
10 1 
102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 

113 

114 


MPOF 
1.0000 
1.0000 
l.ooco 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1 . 0 000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 


SYMMPTg  jc 


LOW  GROSS  Wc I0HT 


1 


MOOF  2 
-.0424 
-.0424 
-.0424 
-.0424 
-.0930 
-.0930 
-.0772 
-.0799 
-.0824 
-.1123 
-.1205 
-.1281 
-.1437 
-.1437 
- • 14t>3 
-. 1600 
-.1726 
-.1320 
-.1954 
-.2213 
-.2413 
-.2582 
-.2978 
-.3409 
-.3603 
-.3765 
-. 1943 
-.  1943 
-.1950 
-.2088 
-.2223 
-.2427 
-.2685 
-.3055 
-.3215 
-.2335 
-.2335 
-.2335 


*»O0F  3 

-.1100 
-.1087 
-.1060 
-.1007 
-.0973 
-.0918 
-.0938 
-.0819 
-.0675 
-.0796 
-.0567 
-.0268 
-.0833 
-.0735 
-.0642 
-.0275 
.0179 
.0639 
.0745 
.1511 
.2199 
.2843 
.4078 
.5570 
.6491 
.7280 
-.0678 
-.0513 
-.0361 
.0171 
.0928 
.1563 
.2496 
.3996 
.4689 
-.0621 
-.0540 
-.0349 


MODE  4 
.0788 
.0823 
.0895 
.1034 
.0385 
.0484 
.0666 
.0851 
.1085 
.0425 
.06  74 
.1034 
-.0080 
.0074 
.0176 
.0521 
.1010 
.1533 
.1460 
.2133 
.2775 
.3399 
.4455 
.5802 
.6756 
.7580 
-.0586 
-.0346 
-.0138 
.0412 
.12  73 
.1836 
.2718 
.4200 
.4899 
-.1070 
-.0954 
-.06  96 


MODE  5 
-.0182 
-.0186 
-.0202 
-.0220 
-.0268 
-.0315 
-.0298 
-.0343 
-.0351 
-.0408 
-.0514 
-.0514 
-.0328 
-.0451 
-.0536 
-.0746 
-.0726 
-.0529 
-.0637 
-.0269 
.0245 
.0850 
.1967 
.3626 
.4931 
.6098 
-.0384 
-.0703 
-.0886 
-.1161 
-.0949 
-.0670 

.0033 

.1623 

.2463 

-.0236 

-.0514 

-.1033 


MOPE  6 
.2116 
.227  7 
.2549 
.3084 
.2220 
.2431 
.2614 
.3172 
.3891 
.2551 
.3056 
.3773 
.2109 
.2220 
.2282 
.2578 
.3343 
.3920 
.3278 
.3328 
.34  79 
.3714 
.3304 
.3244 
.4011 
.4715 
. 1695 
. 1563 
.1404 
. 1386 

• 1836 

• 1653 
.1650 
.2194 
.2607 
. 1395 
.1212 
.0823 


MPOF  7 
.0315 
.0329 
.0350 
.0393 
.032° 
.0340 
.0354 
.0389 
.0434 
.0341 
.0356 
.0373 
.0316 
.0313 
.0306 
.0284 
.0286 
.0254 
.0190 
.0078 
-.0007 
-.0083 
-.0281 
-.0565 
-.0762 
-.0948 
.0266 
.0241 
.0212 
.0119 
.0043 
-.0050 
-.0142 
-.0297 
-.0402 
.0233 
.0216 
.0171 


woof 

-.0256 
-.0315 
-.0404 
-.05^0 
-.024a 
-.0351 
-.0418 
-.06*50 
-.0779 
-.0418 
-.0593 
-.0814 
-.0207 
-.0333 
-.0400 
-.0552 
-.07 bO 
-.0940 
-.0935 
-.0891 
-.0621 
-.0191 
.0777 
.2426 
.3789 
.5046 
.0016 
.0068 
-.0033 
-.0509 
-.1073 
-.1090 
-.0754 
.0507 
.1277 
.0093 
.0340 
.0766 


8 


* Elastic  modes  sta»  t at  "mode  3." 
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ItH  tASf1 


TA«M  E 11-6 


AIRPLAY 


VT BP  ATI  ON  MODE  SHAPES* 


PINAL  STIFPNESS  nFSIG*' 


Symmetric  ♦ LPW  GROSS  WE»GUT 


RnW 

Nn^c  i 

MODP  2 

«ODF  3 

MQnc  4 

MOPE  5 

MOOF  6 

mooc  7 

MOPE  8 

115 

1.0000 

-.2335 

-.0128 

-.0398 

-.1369 

.0580 

.0119 

.0781 

116 

1.0000 

-.2637 

.0359 

.0129 

-.1611 

• 0161 

-.0018 

-.0162 

117 

1.0000 

-.2529 

.0958 

.0813 

-.1665 

-.0359 

-.0198 

-.1278 

118 

1.0000 

-.2583 

.1372 

.1302 

-.1386 

-.0137 

-.0227 

-.1506 

119 

1.0000 

-.2871 

.2636 

.2306 

-.0656 

-.0366 

-.0295 

-.1373 

120 

1.0000 

-.3107 

.3606 

.3266 

.0383 

-.0138 

-.0303 

-.0575 

121 

1.0000 

-.3306 

.6262 

.6106 

.1350 

.0205 

-.0359 

.0262 

122 

1.0000 

-.3627 

.6727 

.6575 

.1928 

.0357 

-.0662 

.0910 

123 

1.0000 

-.3569 

.5356 

.5265 

.2  808 

.0976 

-.0559 

.1685 

126 

1.0000 

-.3712 

.6223 

.6181 

.6092 

. 1898 

-.0763 

.3016 

125 

1.0000 

-.3875 

.7117 

.7151 

.5676 

.2915 

-.0°52 

.6697 

126 

1.0000 

-.3956 

.7571 

.7665 

.6195 

.3668 

-.1063 

.5282 

127 

1.0000 

-.6060 

.8151 

.8276 

.7116 

.6132 

-.1206 

.6288 

128 

1.0000 

-.6163 

.8719 

.8892 

.8007 

.6795 

-.1363 

.72  55 

129 

1.0000 

-.2689 

-.0666 

-.1359 

-.0679 

.0968 

.0193 

.0660 

130 

1.0000 

-.2689 

-.0273 

-.1106 

-.1103 

.0683 

.0166 

.1065 

131 

1.0000 

-.3003 

-.0369 

-.1675 

-.0572 

.0666 

.0165 

.0696 

132 

1.0000 

-.3003 

-.0166 

-.1605 

-.1270 

.0106 

.0111 

.16*1 

133 

1.0000 

-.2836 

.0165 

-.0801 

-.2690 

-.1187 

-.0026 

.3306 

136 

1.0000 

-.2761 

.0677 

.0060 

-.2096 

-.1153 

-.0195 

-.0095 

135 

1.0000 

-.2799 

.1055 

.0515 

-.2171 

-.1596 

-.0335 

-.1026 

136 

1.0000 

-.3019 

.0967 

.0050 

-.2533 

-.2308 

-.0363 

-.0178 

137 

1.0000 

-.3063 

.1332 

.0508 

-.2591 

-.2709 

-.0698 

-.1136 

138 

1.0000 

-.2907 

.2028 

.1668 

-.1760 

-.2300 

-.0586 

-.2682 

139 

1.0000 

-.3283 

.3510 

.3103 

.0055 

-.1766 

-.0398 

-.0868 

160 

1.0000 

-.3666 

.6373 

.6007 

.1105 

-.1229 

-.0386 

-.0006 

161 

l.ooon 

-.3718 

.5563 

.5209 

.2690 

-.0363 

-.0621 

.1608 

162 

1.0000 

-.3878 

.6630 

.6176 

.6051 

.0668 

-.0823 

.3052 

163 

1.0000 

-.6038 

.7339 

.7166 

.5505 

.1732 

-.1068 

• 6666 

166 

1.0000 

-.6198 

.8272 

.8191 

.7061 

.2901 

-.1302 

.6612 

165 

1.0000 

-.6317 

.8999 

.8998 

.8367 

.3872 

-.1533 

.79  79 

166 

1.0000 

-.6616 

.9589 

.9669 

.9377 

.6628 

-.1703 

.9168 

167 

1.0000 

-.3136 

• 0386 

-.1033 

-.3626 

-.2755 

-.0138 

.6050 

168 

1.0000 

-.3259 

.2679 

.1951 

-.2631 

-.5960 

-.1177 

-.6306 

169 

1.0000 

-.3619 

.6696 

.6178 

.1215 

-.2163 

-.0636 

.0037 

150 

1.0000 

-.3877 

.6076 

.5676 

.3313 

-.0665 

-.0750 

.2299 

151 

1.0000 

-.6116 

.7663 

.7172 

.5513 

.1166 

-.1093 

.6707 

152 

1.0000 

-.6355 

.8881 

. 8761 

.8019 

.3060 

-.1521 

.7667 

Elastic  modes  start  at  "mode  3. 


tr  * 


TAPIE  H-6  AIRPLANE  VIBRATION  MODE  SHAPES 


PINAL  ST  I PPNTSS  OPSISN 


SYMMETRIC  > L Ow  GROSS  WEIGHT 


cnw 

MODF  l 

Mor>F  2 

MODE  3 

153 

1.0000 

-.4539 

1.0000 

154 

1.0000 

-.2109 

.1672 

155 

1.0000 

-.2269 

.2!  T 3 

156 

1.0900 

-.2443 

.2'.  V 

157 

1.0000 

-.2610 

.3264 

158 

1.0000 

-.2773 

.3827 

159 

1.0000 

-.2940 

.4427 

160 

1.0000 

-.3103 

.5034 

161 

1.0000 

-.3270 

.5676 

162 

1.0000 

-.3427 

.6291 

163 

1.0000 

-.3605 

.7008 

164 

.0000 

.0000 

-.0129 

165 

.0000 

.0000 

-.0354 

166 

.0000 

.0000 

-.0725 

167 

.0000 

.0000 

-.1004 

168 

.0000 

.0000 

-.1235 

169 

.0000 

.0000 

-.1478 

170 

.0000 

-.9000 

-.0037 

171 

.0000 

.0000 

-.0253 

172 

.0000 

.0000 

-.0620 

173 

.0000 

-.0000 

-.0059 

174 

.0000 

.0000 

-.0404 

175 

.0000 

.0000 

-.0826 

176 

.0000 

.0009 

- . 1 1 43 

177 

.0000 

-.0000 

-.0050 

178 

.0000 

.0000 

-.0452 

179 

.0000 

.0000 

-.0869 

180 

.0000 

.0009 

-.1183 

181 

.0000 

.0000 

-.1504 

182 

.0000 

-.0000 

-.0099 

183 

.0000 

.0000 

-.0419 

184 

.0000 

.0000 

-.0961 

185 

.0000 

.0000 

-.1202 

186 

.0000 

-.0000 

-.0116 

187 

.0000 

.0000 

-.0659 

188 

.0000 

.0000 

• .1228 

189 

.0000 

.0000 

-.1532 

190 

1.0000 

-.3619 

.5234 

MODE  4 

1,0000 
.2553 
.2964 
.3449 
.3952 
• 4466 
.5021 
.5593 
.62  04 
.6792 
.7485 
-.0189 
-.0518 
-.1058 
-.1478 
-.1830 
-.2205 
-.0056 
-.0373 
-.0909 
-.0102 
-.0604 
-.1227 
-.1701 
-.0107 
-.0696 
-.1311 
-.1778 
-.2255 
-.0206 
-.0672 
-.1462 
-.1814 
-.0241 
-. 1034 
-.1864 
-.2309 
.4944 


M006  5 

1.0000 
.0119 
.0478 
.0943 
.1469 
.2035 
.2686 
.3400 
.4199 
.4992 
.5961 
.0106 
-.0147 
-.0783 
-.1338 
-.1832 
-.2379 
.0230 
.0015 
-.0583 
.0382 
-.0176 
-.0974 
-.1644 
.0595 
-.0204 
-.1078 
-.1761 
-.2466 
.0530 
-.0142 
-.1302 
-.1819 
.0490 
-.0674 
-.1902 
-.2563 
.2219 


MODE  6 
.4519 
.4797 
.4*53 
.4714 
.4712 
.4744 
.4826 
.4970 
.5165 
.5382 
.5674 
.0026 
-.0567 
-.1874 
-.3663 
-.5393 
-.7401 
.0294 
-.0235 
-.1556 
.0301 
-.0906 
-.3037 
-.5072 
.0335 
-.1711 
-.4096 
-.6042 
-.8065 
-.0868 
-.2450 
-.5261 
-.6508 
-.1313 
-.4161 
-.7164 
-.8792 
-.8201 


MPDE  7 
-.1866 
.0136 
.0065 
-.0016 
-.0100 
-.0188 
-.0290 
-.0405 
-.0538 
-.0675 
-.0847 
.001? 
.0010 
.0109 
.0339 
.0551 
.0300 
.0016 
.0001 
.0102 
.0022 
.0089 
.0311 
.0537 
.0038 
.0250 
.0493 
.0694 
.0904 
.0279 
.0414 
.0660 
.0769 
.0357 
.0609 
.0873 
.1017 
.6751 


MODE  p 

1.0000 
-.0773 
-.0525 
-.0171 
.0265 
.0761 
.1369 
.2074 
.2899 
.3739 
.4797 
.0005 
-.0188 
-.0995 
-.2159 
-.3326 
-.4705 
.0065 
-.00  61 
-.0822 
.0159 
-.0470 
-.1784 
-.3135 
.0301 
-.0990 
-.2 551 
-.3846 
-.5197 
-.0542 
-.1587 
-.3390 
-.4189 
-.0865 
-.2717 
-.4673 
-.5738 
.0083 


‘Elastic  modes  start  at  ' mode  3." 


PPW 

191 

192 

193 

194 

195 

196 

197 
1Q8 

199 

200 
201 
202 

203 

204 

205 

206 

207 

208 

209 

210 
211 
212 

213 

214 

215 

216 

217 

218 

219 

220 
221 
222 

223 

224 

225 
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TAtfl.  p 11-6  4IPPL4NF  VISRATl^j  M0OF  SHAPES*  * FINAL  STIFFNESS  DTSIGN 


5YM»crpTr  , LPW  GROSS  WFIGht 


MOnF  l 

Mprtc  2 

*0QC  3 

VI9PF  4 

.oo  on 

.2274 

-.0153 

.02  56 

.0000 

.0005 

-.0012 

-.0008 

1.0900 

1.9090 

.4133 

-.8083 

1.0000 

.9152 

.3267 

-.6317 

1.0000 

.8441 

.2559 

-.4882 

1.0000 

.7750 

.1902 

-.3564 

1.0000 

.6565 

.0873 

-.1551 

1.0000 

.6160 

.0529 

-.0886 

1.0000 

• 5654 

.0147 

-.0170 

1.0000 

.5147 

-.0205 

.0478 

1.0000 

.4641 

-.0516 

.1030 

1.0000 

.4134 

-.0771 

.1451 

1.0000 

.3628 

-.0974 

.1755 

1.0000 

.3122 

-.1132 

.1955 

1.0000 

.2615 

-.1245 

.2051 

1.0000 

.2109 

-.1313 

.2046 

1.0000 

.1602 

-.1338 

.1946 

1.0000 

• 10°6 

-.1322 

.1755 

1.0000 

.0589 

-.1271 

.1487 

1.0000 

.0083 

-.1196 

.1160 

1.0000 

-.0424 

-.1102 

.0780 

1.0000 

-.0930 

-.0991 

.0349 

1.0000 

-.1437 

-.0865 

-.0136 

1.0000 

-.1943 

-.0734 

-.0670 

1.0000 

-.2450 

-.0621 

-.1268 

1.0000 

-.3030 

-.0501 

-.2076 

1.0000 

-.4409 

-.0214 

-.4229 

1.0000 

-.5115 

-.0067 

-.54 70 

1.0000 

-.5885 

.0094 

-.6852 

.0000 

.0005 

-.0001 

.0009 

1.0000 

-.5433 

-.0000 

-.6063 

1.0000 

-.5133 

-.0063 

-.5499 

.0000 

.0005 

-.0001 

.0009 

1.0000 

.7054 

.1281 

-.2341 

1.0000 

-.3737 

-.0353 

-.3121 

mode  5 

VOOF  6 

l*CLe  7 

MQOE  f 

-.0187 

-.9638 

1 .0000 

-.09  79 

-.0003 

.0017 

.0002 

-.0007 

-.1900 

1.0000 

.1178 

-.1329 

-.1217 

.6195 

.0703 

-.0794 

-.0682 

.3289 

.0340 

-.0390 

-.0218 

.0891 

.0040 

-.0066 

.0411 

-.1984 

-.0328 

.0298 

.0607 

-.2688 

-.0428 

.03  74 

.0778 

-.3221 

-.0500 

.0422 

.0901 

-.3508 

-.0536 

.0437 

.0965 

-.3499 

-.0530 

.0412 

.0962 

-.3207 

-.0481 

.0353 

.0906 

-.2693 

-.0400 

.0269 

.0808 

-.2021 

-.0298 

.0169 

. >677 

-.1250 

-.0193 

.0063 

.0523 

-.0448 

-.0063 

-.0040 

.0357 

.0323 

.005  1 

-.0130 

.0193 

.0986 

.0149 

-.0197 

.0045 

.1491 

.0223 

-.0235 

-.0083 

.1863 

.0279 

-.0250 

-.0181 

.2080 

.0312 

-.0243 

-.0245 

.2128 

.0321 

-.0207 

-.0266 

.1997 

.0305 

-.0139 

-.0224 

.1705 

.0269 

-.0042 

-.0057 

. 1327 

.0222 

-.0004 

.0333 

.0699 

.0141 

-.0041 

.1641 

-. 1609 

-.0138 

-.0207 

.2540 

-.3232 

-.0330 

-.0350 

.3573 

-.5114 

-.0553 

-.0519 

-.0007 

.0012 

.0001 

.0001 

.3003 

-.4082 

-.0430 

-.0429 

.2559 

-.3265 

-.0334 

-.0353 

-.0006 

.0011 

.000  1 

.0001 

.0178 

-.0989 

-.0199 

.0177 

.0909 

-.0312 

.0017 

-.0102 

Elastic  modes  start  at  "mode  3.; 
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TABl  e 11-6 


A I R PL  ANE  VIBRATION  MOO?  SHAPES* 


PINAL  STlPPNcc?  PfSir,v 


SYMH9tR1C  f LOW  GROSS  WEIGHT 


V. 


ROW 

Mope  9 

yipnc  io 

«roE  n 

w^OE  12 

M°np  13 

MOOE  14 

«POF  15 

VQnr  16 

l 

-.0143 

.0013 

.0047 

-.0414 

.0498 

.3327 

-.0083 

-.0163 

2 

-.1624 

.0002 

.3533 

-.0650 

-.0143 

.0666 

.0030 

-.0058 

3 

-.0682 

.0027 

.1240 

-.0323 

.0145 

-.0423 

.0024 

.0058 

4 

-.0029 

-.0000 

.0058 

-.0010 

.0005 

.0014 

-.0001 

-.0000 

1 

5 

.0004 

-.0000 

-.0007 

.0008 

-.0007 

-.0004 

-.0000 

.0001 

6 

-.0002 

.0000 

.0004 

-.0000 

-.0002 

-.0002 

.0000 

.0000 

7 

.0818 

-.0051 

-.0054 

-.0396 

-.0191 

.3799 

.0163 

-.0174 

1 

8 

-.1697 

.0258 

-.1589 

-.1846 

-.1198 

.1073 

.0273 

.0056 

J 

9 

-.0401 

.0010 

-.1252 

-.0226 

.0055 

-.0430 

.0183 

.0200 

I 

10 

-.0034 

.0004 

- .0030 

-.0028 

-.0012 

.0015 

.0002 

.0002 

11 

-.0015 

.0000 

.0003 

.0011 

.0010 

-.0012 

-.0006 

.0002 

12 

- .0002 

.0000 

-.0002 

-.0003 

-.0003 

.0003 

.000  1 

.0000 

13 

-.0989 

.0024 

-.0053 

.0455 

-.0200 

-.3332 

.0427 

.0039 

14 

-.0180 

.0005 

.0020 

-.0499 

.0885 

-.3333 

.0449 

-.0052 

15 

.0838 

-.0020 

.0056 

-.0970 

.1151 

.1485 

-.0333 

-.0021 

16 

.0417 

-.0033 

-.0272 

.0288 

.0815 

.4594 

-.0564 

.0234 

l_ 

17 

-.2369 

-.0067 

-.1561 

.2456 

.2919 

.3668 

.0378 

.00  77 

v 

18 

-.3407 

-.0096 

—.2264 

.2585 

.4139 

.3714 

.1394 

- .OR  39 

19 

-.2061 

-.01>J 

-.1211 

.2226 

.3636 

.3860 

.1293 

-.1594 

20 

-.0038 

-.0235 

.0732 

.2123 

.2681 

.5130 

.2148 

-.1462 

21 

.1810 

-.0328 

.2624 

.2143 

.1719 

.6909 

.3617 

-.0595 

22 

-.0956 

.0023 

-.0050 

.0420 

-.0165 

-.3276 

.0421 

.no  36 

' L 

23 

-.0700 

.0017 

-.0026 

.0080 

.0250 

-.3608 

.049  1 

.0003 

24 

-.0470 

.0012 

-.0006 

-.0193 

.0563 

-.3628 

.0500 

- .0024 

25 

-.0154 

.0004 

.0021 

-.0509 

.0885 

-.3217 

.043  1 

-.0051 

26 

.0092 

-.0001 

.0042 

-.0724 

.1077 

-.2633 

.0326 

-.0067 

27 

.0412 

-.0008 

.0066 

-.0944 

.1227 

-. 1495 

.0124 

-.0075 

28 

.0644 

-.0014 

.0075 

-.1026 

.1236 

-.0208 

-.0086 

- .0064 

; C 

29 

.0785 

-.0018 

.0067 

-.0993 

.1157 

.0918 

-.0251 

-.00  39 

30 

.0880 

-.0023 

.0026 

-.0774 

.0945 

.2503 

-.045? 

.0027 

31 

.0785 

-.0027 

-.0069 

-.0355 

.0743 

.3678 

-.0550 

.0116 

:* 

32 

-.0920 

.0022 

-.0047 

.0384 

-.0128 

-.3213 

.0414 

.0032 

l 

33 

-.0664 

.0016 

-.0023 

.0046 

.0281 

-.3528 

.0490 

- .0001 

34 

-.0436 

.0011 

-.0003 

-.0213 

.0573 

-.3503 

.0480 

-.no  24 

1 1 

35 

-.0125 

.0004 

.0023 

-.0520 

.0884 

-.3084 

.0410 

- .0050 

l 

36 

.0109 

-.0002 

.0042 

-.0713 

.1049 

-.2501 

• 030R 

- .0063 

\ 

& 

37 

.0418 

-.0009 

.0066 

-.0919 

.1183 

-.1393 

.0114 

-.0071 

p 

i 

38 

.0639 

-.0014 

.0074 

-.0994 

.1184 

-.0198 

-.0080 

-.0060 

I' 
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-i 

I ; 


\ 


T ABL  c 11-6 


FINAL  STIFFN-c?  DESIGN 


AIPOLANE  VI3RATIPN  MQOE  SHAPES*  » 


SVMMCtRIC  , LPW  GPPSS  WEIGHT 


R'lW 

«*0pc  9 

None  io 

Mpnc  ii 

*095  12 

39 

.0784 

-.0018 

.0070 

-.0971 

40 

.0877 

-.0022 

.0032 

-.0753 

41 

.0784 

-.0026 

-.0058 

-.0342 

42 

.0440 

-.0030 

-.0229 

.0251 

43 

-.0189 

-.0037 

-.0512 

.0989 

44 

-.0949 

-.0047 

-.0852 

.1620 

45 

-.2140 

-.0060 

-.1426 

.2266 

46 

-.2758 

-.0068 

-.1761 

.2448 

47 

-.3112 

-.0081 

-.2042 

.2463 

48 

-.3152 

-.0081 

-.2116 

.2361 

49 

-.2935 

-.0073 

-.1998 

.2226 

50 

-.2626 

- .0069 

-.1769 

.2098 

51 

-.2231 

-.0072 

-.1484 

. 1995 

52 

-.1769 

-.0081 

-.1100 

.1890 

53 

-.1195 

-.0100 

-.0585 

.1814 

54 

-.0530 

-.0131 

.0050 

.1774 

55 

.0264 

-.0173 

.0835 

.1747 

56 

.1095 

-.0215 

.1677 

.1737 

57 

.2150 

-.0268 

.2766 

.1742 

58 

.3193 

-.0316 

.3850 

.1747 

59 

-.0469 

.0012 

-.0006 

-.0175 

60 

-.0134 

.0004 

.0022 

-.0498 

61 

.0194 

-.0004 

.0048 

-.0739 

62 

.0206 

-.0004 

.0049 

-.0764 

63 

.0487 

-.0010 

• 0C7Q 

-.0880 

64 

.0529 

-.0011 

.0073 

-.0950 

65 

.0717 

-.0015 

.0084 

-.0894 

66 

.0761 

-.0017 

.0080 

-.0956 

67 

.0829 

-.0017 

.0094 

-.0723 

j6 

.0854 

-.0018 

.0082 

-.0743 

69 

.0878 

-.0020 

.0057 

-.0763 

70 

.0910 

-.0020 

.0089 

-.0548 

71 

.0869 

-.0019 

.0047 

-.0479 

72 

.0819 

-.0023 

-.0018 

-.0400 

73 

.0849 

-.0015 

.0106 

-.0308 

74 

.0875 

-.0020 

.0064 

-.0254 

75 

.0729 

-.0020 

-.0019 

-.0109 

76 

.0548 

-.0026 

-.0155 

.0123 

Mnrjc  13 

MOOF  14 

Mpnr  15 

woof  16 

.1 10B 

.0921 

-.0247 

-.0038 

.0878 

.2447 

-.0438 

.0024 

.0661 

.3550 

-.0526 

.0108 

.0642 

.4244 

-.0519 

.0208 

.0957 

.4374 

-.0386 

.0290 

.1543 

.4065 

-.0162 

.0287 

.2  5<=Q 

.3327 

.0307 

.0100 

.3184 

.2954 

.0625 

-.0114 

.3625 

.3062 

.1002 

-.0450 

.3727 

.3031 

.1135 

-.0693 

.3667 

.2985 

.1045 

-.0940 

.3533 

.2889 

.0927 

-.1145 

.3351 

.2849 

.0839 

-.1322 

.3134 

.288? 

.0803 

-.1462 

.2856 

. 3046 

.0875 

-.1527 

.2537 

.3421 

.1121 

-.1492 

.2125 

.3975 

.1547 

-.1281 

.1679 

.4672 

.2122 

-.0922 

.1090 

.5683 

.3004 

-.0285 

.0481 

.6710 

.3943 

.0484 

.0529 

-. 3496 

.0478 

-.0020 

.0854 

-.3042 

.0403 

-.0046 

.1037 

-.2128 

.0249 

-.0060 

.1069 

-.2139 

.0249 

-.0063 

.1069 

-.0955 

.0056 

-.0060 

.1163 

-.0855 

.0028 

-.0066 

.0932 

.0371 

-.0147 

-.0046 

.1044 

.0655 

-.0206 

-.0046 

.0541 

. 1344 

-.0251 

-.0019 

.0619 

. 1664 

-.0309 

-.0010 

.0765 

.2148 

-.0393 

.0000 

.0226 

.2206 

-.0351 

.0005 

.0312 

.2569 

-.0389 

.0034 

.0537 

.3210 

-.0482 

.0082 

-.0223 

.2077 

-.0264 

.0004 

-.0152 

.2800 

-.0331 

.0041 

.0069 

.2998 

-.0387 

.0086 

.0444 

.3810 

-.0476 

.0167 

‘Elastic  modes  start  at  "mode  3." 
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7 &BL P 11-6  AI&Pl&Nir  viRPATnw  **noie  $ha°ES*  t pj^al  STtFFMpcs  n^SION 


SVVMCT5 IC 


LOW  GPOSS  WEIGHT 


I 

OOW 

Mcnc  9 

MODE  10 

MOOE  11 

MOPE  12 

MPOE  13 

MODE  14 

^nrjr  15 

Mnoc  i6 

77 

.07*6 

-.0012 

.0119 

-.0089 

-.0610 

. 197* 

-.0204 

.0004 

78 

.0703 

-.0014 

.0058 

.0019 

-.0465 

.2233 

-.9242 

.0043 

79 

.0543 

-.0018 

-.0047 

. 0?  03 

-.0204 

.2648 

-.0292 

.0104 

t 

80 

.0208 

-.0026 

-.0262 

.0571 

.0334 

.3447 

- .0352 

.0202 

\L 

* 

v> 

\ 

81 

.0661 

-.0003 

.0121 

.0153 

-.0928 

.1621 

-.0116 

.0008 

82 

.0464 

-.0013 

.0013 

.0364 

-.0632 

.1762 

-.0164 

.0086 

83 

.0383 

-.0017 

-.0070 

.0427 

-.0348 

.2190 

-.0221 

.0123 

i 

jc 

84 

-.0096 

-.0027 

-.0345 

.0879 

.0342 

.2845 

-.0244 

.02  20 

4 

£ 

85 

-.0695 

-.0040 

-.0705 

.1407 

. 1 198 

.3760 

-.0201 

.0231 

86 

.021 7 

-.0016 

-.0074 

.0632 

-.0468 

.1520 

-.0157 

.0155 

87 

-.0458 

-.0027 

-.0405 

• 1154 

.0429 

. 1833 

-.015? 

.0248 

88 

-.1276 

-.0041 

-.0903 

.1717 

. ’513 

.25  78 

.0013 

.0227 

89 

.0540 

-.0002 

.0157 

.0348 

-.1306 

.0831 

.0022 

- .0000 

r 

90 

.0  308 

-.0012 

.0055 

.0601 

-.0921 

.0683 

-.0063 

.0126 

; 

91 

. 00°9 

-.0017 

-.0031 

.0765 

-.0604 

.0575 

-.0102 

.0192 

92 

-.0733 

-.0025 

-.0357 

.1240 

. 0488 

.0492 

-.0145 

.02^5 

f L 

93 

-.1844 

-.0031 

-.0970 

.1799 

.1793 

.0587 

-.0010 

-02  25 

£ 

04 

-.2510 

-.0042 

-.1555 

.2066 

.2666 

. 1626 

.0370 

-.0039 

f 

95 

-.2253 

-.0022 

-.1404 

..1744 

.2210 

.0824 

.0173 

.00  34 

96 

-.2477 

-.0025 

-.1700 

.1772 

.2699 

. 1335 

.0377 

- .0303 

97 

-.2432 

-.0029 

-.1733 

.1747 

.2906 

. 1733 

.0473 

-.0750 

V 

98 

-.2212 

- • 003& 

-.1557 

.1759 

.2905 

.2032 

.0502 

-.10^8 

2 

99 

-.0997 

-.0024 

-.06  34 

.1301 

.2140 

.1335 

.0021 

-.1212 

100 

.0852 

-.0064 

.1032 

.0958 

.0942 

. 1461 

.0230 

-.08  2? 

101 

.1908 

-.0157 

.2228 

.1185 

.0625 

.3278 

.1520 

-.0338 

102 

.2916 

-.0241 

.3384 

. 1406 

.0279 

.5109 

.2906 

.0320 

103 

.0432 

.0008 

.0225 

.0366 

-.1578 

-.0195 

.019  2 

-.0059 

104 

.0180 

-.0007 

.0187 

.0585 

-.1071 

— • 04t>R 

.0056 

.0117 

. L 

105 

-.0102 

-.0014 

.0239 

.06  84 

-.0637 

- .059  7 

-.0038 

.02  13 

l 

106 

-.0823 

-.0021 

-.0113 

.1014 

.0404 

-.0963 

-.0198 

.0336 

107 

-.1 71« 

.0018 

-.1148 

.1006 

.1242 

-.0649 

-.0170 

.0230 

i 

108 

-.1762 

.0045 

-.1389 

.0851 

.1388 

-.0708 

-.0352 

-.00  21 

i 

109 

-.1471 

.0070 

-.1.09 

.0719 

.1425 

-.0803 

-.0732 

-.0450 

1 

110 

-.0550 

.0052 

-.0483 

.0715 

.1266 

-.0433 

- .0«90 

-.093? 

f & 

111 

-.0002 

.0010 

.0092 

.0797 

.1161 

.0199 

-.0568 

-.0991 

V 

112 

.0438 

.0012 

.0250 

.0308 

-.1738 

-.0569 

.0319 

-.01  70 

► 

s 

113 

.0  35° 

.0010 

.0253 

.0355 

-.1576 

-.0932 

.025o 

-.0071 

b 

k, 

f 

114 

.0106 

.0003 

.0327 

.0415 

-.1081 

-.1179 

.0126 

.0007 

'Elastic  modes  start  at  "mode 3." 
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I 

'1 


T ABL  c 11-6 


PINAL  ST!CFM-CS  ncsjGN 


ROW 

115 

116 

117 

118 

119 

120 
121 
122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 
1 33 

134 

135 
1 3t> 

137 

138 

139 

140 

141 

142 

143 
1 -v  » 
; h 5 

146 

147 

148 

149 

150 

151 

152 


A T V Pt.  ANC  VT8RAT13V  SHAPFS*  , 


SYVMPTi  IC 


L 'W  G-nsS  WEIGHT 


moo=  9 

vionr  l0 

vrnr  ll 

Monr  12 

-.0283 

-.0003 

.0541 

.0424 

-.0661 

-.0015 

.0342 

.05  78 

-.0815 

-.0014 

-.0486 

.0577 

-.1097 

.0039 

-.1092 

.0226 

-.0855 

.0159 

-.1321 

-.0403 

-.0186 

.0221 

-.0716 

-.0431 

,04<S 

.0198 

-.0062 

-.0398 

.09 

.0193 

.042  5 

-.0401 

.1537 

.0117 

.1099 

-.0235 

.2457 

.0014 

.2206 

.0062 

.3532 

-.0096 

.3512 

.0423 

.4114 

-.0154 

.4223 

.0619 

• 4860 

-.0228 

.5135 

.0372 

.5566 

-.0300 

.5997 

.1113 

.0309 

.0016 

.0451 

.0325 

.0066 

.0012 

.061  5 

.03  35 

.0243 

.0021 

.0631 

.0309 

- .0C20 

.0018 

.0857 

.0290 

-.0691 

.0031 

.1328 

-.0418 

-.0572 

-.0008 

.0407 

.0213 

-.0614 

-.0014 

-.0131 

.0217 

-.0506 

-.0004 

.0420 

-.0089 

-.0550 

-.0010 

-.0125 

-.0071 

-.0352 

.004  7 

-.1422 

-.0646 

.0577 

.0336 

-.0431 

-.123° 

.1142 

.0372 

.0173 

-.1131 

.2348 

.0233 

.1513 

-.0972 

.3301 

.0114 

.2759 

-.0678 

.4569 

-.0008 

.4212 

-.0302 

.5958 

-.0136 

.5921 

.0128 

.7310 

-.0242 

.7585 

.0484 

.8263 

-.0324 

.3758 

.0763 

-.1178 

.0068 

.2147 

-.1333 

.1133 

-.0015 

-.1741 

-.1657 

.1865 

.0503 

.0536 

-.1775 

.3237 

.02  24 

.2320 

-.1184 

.5054 

.0035 

.4533 

-.0650 

.7495 

-.0171 

.7540 

.0038 

MDDF  13 

Mioe  14 

‘unpr  15 

MOOC  l( 

-.0513 

-.1170 

-.000? 

.0202 

.0070 

-.1736 

-.0176 

.0384 

.047*. 

-. 1810 

-.0162 

.0418 

.0440 

-. 1435 

-.0235 

.0300 

.0044 

-.2421 

-.1320 

-.0066 

-.0164 

-.3622 

-.2420 

-.0450 

-.0344 

-• 36?T 

-.2569 

-.0624 

-.0573 

-.3470 

-.2519 

-.0565 

-.0682 

-.2470 

-.1919 

-.0406 

-.0876 

-.0599 

-.0650 

.0074 

-.1133 

.1329 

.1133 

.0877 

-.1287 

.3200 

.2130 

. 1393 

-.1483 

.4974 

.3  5 3° 

.2062 

-.1650 

.6652 

.4796 

.26  30 

-.1994 

-. 1510 

.0509 

-.0214 

-.1583 

— .2G43 

.0398 

-.0029 

-.2313 

-.2257 

.0708 

-.0295 

-.1905 

-.2885 

.0610 

-.0105 

.0095 

-.0762 

.0052 

.0051 

-.0099 

-.3038 

-.0196 

.0686 

.0108 

-.3463 

-.0192 

.0923 

- • 023f 

-.4585 

-.0240 

.1174 

-.0023 

-.5022 

- .0236 

.1433 

-.0237 

-.0751 

.0046 

.0174 

-.1341 

-.6262 

- . 3°  30 

-.0271 

-.1400 

-.6549 

-.4395 

-.0565 

-.1854 

-.4683 

-.3116 

-.0077 

-.2169 

-.7 734 

-.1743 

.06  30 

-.2532 

-.006? 

.0319 

.1759 

-.304? 

. 3321 

.3177 

.3626 

-.3722 

.6667 

.6344 

.6224 

-.4123 

.9020 

.8435 

.7747 

.0977 

.048  7 

.0073 

-.0147 

-.1128 

.1340 

• Oc ? 4 

-.0017 

-.2404 

-.9901 

-.6936 

-.0717 

-.2575 

-.4842 

-.307? 

.0418 

-.3193 

-.0991 

-.0095 

.2163 

-.4293 

.5017 

.5347 

.6237 

‘Elastic  modes  start  at  "mode 3." 
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TA8LF  11-6 


M RPl.  ANC  VIBRATT^M  VC9E  SHAPcS 


i 


FINAL  STlt-i=»'r^ 


nr  $ t .v 


5 vmmf tr tc  ♦ Lrw  r.coss  wcf;ht 


pow 

MOOF  9 

moqp  io 

moof  n 

Mom,  12 

MODF  13 

w9DF  15 

153 

.9490 

-.0332 

1.0000 

.05  83 

-.5251 

1.0000 

1 .0000 

1 .0000 

154 

-.3307 

-.0090 

-.2209 

.2497 

.3993 

.3485 

.129? 

- 

155 

-.3132 

-.0087 

-.2104 

.2402 

.3958 

. 3468 

• l 2 5 H 

-♦lot? 

156 

-.2822 

- • 0065 

-.1884 

.22  91 

.3840 

.3433 

.118? 

l ??4 

157 

-.2420 

-.0098 

-.1564 

.2192 

.3  666 

.3442 

.1128 

- . i 4 o * 

158 

-.195<? 

-.0113 

-.1172 

.2108 

. 2 460 

. 3516 

-1131 

- . 

159 

-.1386 

-.0137 

-.0653 

.2042 

.3192 

.3719 

.1218 

- . 1 6 ? 2 

160 

-.0723 

-.017? 

-.001 7 

.2009 

.2883 

.4125 

.148? 

1S0P 

161 

.0066 

-.0213 

.0768 

.1591 

.2486 

.4725 

.19  37 

-. ) J W 

162 

.0883 

-.0256 

.1594 

. 1990 

.2067 

.5445 

. '‘S  l 5 

- . 10  <4 

163 

. 1 °30 

-.0307 

.2675 

.2003 

.1498 

.6482 

.3404 

-.04  *0 

164 

.0110 

.0019 

.0052 

-.0181 

-.0345 

.0021 

.005  7 

-.0060 

165 

.0343 

.0043 

.0122 

-.0601 

-.1012 

-.0978 

- .0428 

.0113 

166 

.071P 

.04  98 

.0078 

-.0940 

-.1455 

-.2704 

-.1514 

.0!  T 7 

167 

.2606 

. 24  30 

.1424 

.0950 

.0463 

-.1617 

-.1129 

.0211 

168 

.4735 

.4610 

.3028 

.8345 

. 2 9?4 

.0311 

- .0244 

.02?  1 

169 

.7375 

.7323 

.5064 

.64^5 

.6215 

.3139 

.1137 

.02  16 

170 

-.001 1 

.0011 

-.0018 

-.0070 

-.0134 

. 0354 

.0147 

- . 0 1 <♦  7 

171 

.0208 

-.0017 

.0056 

-.053? 

-.0867 

-.0590 

-.0244 

.0-1  U 

172 

.0714 

.0487 

.0149 

-.0779 

- . 1 ?7 1 

-.2205 

-.1257 

.01  *n 

173 

.0201 

.0049 

.0131 

-.0243 

-.0497 

.041 

.0020 

- .01 43 

174 

.0655 

.0457 

.0282 

— • 04  56 

-.0900 

-.1107 

-.074  1 

.00  *0 

175 

.2467 

.2248 

.1438 

.1010 

."510 

-.0963 

-.0776 

.0  1 ^ 

176 

.467? 

. 4t  *>5 

• 3 044 

.3394 

.2979 

.0690 

-.0036 

.01  1 

177 

. 0 4 P 2 

.0107 

.0351 

-.0378 

-.0853 

-.0050 

- .0 1 76 

-.01  ? 

178 

.2171 

. I860 

.1465 

.1142 

.0660 

.044  1 

-.001 6 

- . 0';',  1 

179 

• 4466 

• 425*. 

.3078 

.3516 

.3117 

. 1809 

.06°  1 

. OM  1 q 

180 

.6494 

.6368 

.4549 

.6757 

.5476 

. 33  75 

.1327 

. OIV  5 

161 

.8629 

. 8600 

.6107 

.8149 

. 8007 

.508  7 

.2155 

.0  1 6 3 

182 

.2918 

.2409 

.2271 

.2442 

.2007 

. 3236 

.1436 

- .0  3 U 

183 

.4037 

.3707 

.3056 

.3534 

.3194 

.3493 

.1511 

- . V ^ 

184 

.6351 

.6171 

.4599 

.5855 

.6631 

.4345 

.1866 

- , OO  • u 

185 

.7371 

.7250 

.5276 

.6909 

.6700 

. 4695 

.2006 

.00  s? 

186 

.3602 

.3273 

.2984 

. 3531 

.3130 

.4496 

.2063 

-.rM  ^ 

187 

.60«0 

.5822 

.4600 

.5968 

.6  71  2 

.5536 

.262  7 

- . i M 6 

188 

.8607 

. 8514 

.6302 

.8548 

.8460 

. 6592 

.290? 

.0002 

189 

1.0000 

1.0000 

.7246 

1.0000 

1.0000 

. 7248 

.329  7 

. 0 1 ? S 

l°0 

.1153 

.0129 

.0672 

-.1080 

-.1671 

-.6018 

-.2790 

- .0  Vw 

Elastic  modes  start  at  "mode  3." 


T ABL c 11-6  A!RDl*\'c  VIHPATjrjM  MODE  $HAPCF 


* » FINAL  STIFFNESS  DCPIGN 


SYMMETRIC  t lrW  r,o  055  V|F  I GHT 


FHW 

Nfoop  g 

MO OF  10 

9C?r*F  11 

vrvjc  12 

«*rOF  13 

9<">0F  IV 

15 

f<''tnF  16 

in 

-.1304 

-.0285 

-.0344 

.0865 

.1131 

.4282 

.2337 

.0332 

1Q2 

-.OOIP 

-.0001 

-.0012 

.0011 

.0019 

.0032 

.0020 

-.000^ 

193 

.2860 

-.0050 

.0243 

-.2745 

.3461 

-.8809 

.1096 

-.OOC 

194 

.1523 

-.0025 

.0125 

-.1227 

.1458 

-.3151 

.0200 

.0007 

1<=5 

.0534 

-.0006 

.0033 

-.0154 

.0Q6P 

.0501 

-.0221 

.0017 

196 

-.0236 

. 0008 

-.0025 

.0611 

-.0883 

.2595 

-.0496 

.0027 

197 

-.1040 

.0024 

-.0085 

.1225 

-.1532 

.2804 

-.0479 

.0048 

190 

-.119Q 

.0028 

- .00c2 

.1248 

-.1461 

. 1410 

-.0302 

.0074 

199 

-.1255 

.0030 

-.0089 

.1134 

-.1221 

-.0122 

-.0085 

.0082 

200 

-.1201 

.0029 

-.0078 

.0900 

-.0844 

-.1580 

.0144 

.0072 

201 

-.10^3 

.0025 

-.0059 

.0565 

-.0360 

-.2786 

.0340 

.0047 

202 

-.0777 

.0019 

-.0034 

.0194 

.0102 

-.3387 

.0449 

.0014 

203 

-.0468 

.0012 

- .0006 

-.0166 

.0512 

-.3417 

.0462 

-.0018 

204 

-.0137 

.0004 

.0021 

-.04»0 

.0924 

-.2953 

.0337 

-.0042 

205 

.0184 

-.0003 

.0047 

-.0711 

.0995 

-.2075 

.0242 

-.0055 

206 

.0465 

-.0010 

.0068 

-.0833 

.1003 

-.0944 

.0062 

-.0053 

207 

.0681 

-.0014 

.0084 

-.0832 

.0842 

.0231 

-.0110 

-.0040 

200 

.0810 

-.0016 

.0095 

-.0715 

.0534 

.1174 

-.0225 

-.0021 

209 

.0857 

-.0016 

.0106 

-.0532 

.0160 

.1733 

-.0265 

-.0008 

210 

.0850 

-.0014 

.0117 

-.0319 

-.0249 

.1976 

-.02  > ’ 

-.0001 

211 

.0801 

-.0011 

.0131 

-.0109 

-.0641 

. 1906 

-.0193 

-.0005 

212 

.0721 

-.0006 

.0155 

.0070 

-.1013 

. 1505 

-.0088 

-.0025 

213 

.0613 

.0002 

.0107 

.0204 

-.1350 

.0305 

.0059 

-.0067 

214 

.0513 

.0008 

.0213 

.02  75 

-.1600 

.0010 

.0217 

-.0135 

215 

.0438 

.0010 

.0215 

.0312 

-.1728 

-.0604 

.0367 

-.0229 

216 

.0348 

.0007 

.0171 

.03  04 

-.1659 

-. 1236 

.0527 

-.0358 

217 

.0071 

-.0016 

-.0080 

-.0094 

-.0051 

-.0191 

.0251 

-.0210 

218 

-.0103 

-.0037 

-.0296 

-.0501 

.1576 

.1730 

-.026  2 

.0121 

2IQ 

-.0305 

-.0062 

-.0563 

-.1006 

.3  609 

.4301 

-.0970 

.0595 

220 

.0001 

.0000 

.0002 

.0003 

-.0014 

-.  0018 

.0005 

-.0003 

221 

-.0193 

-.0048 

-.0416 

-.0746 

.2561 

. 3053 

-.0628 

.0370 

2 22 

-.0107 

-.0037 

-.0298 

-.0507 

.1590 

. 1742 

-.0263 

.0120 

223 

.0001 

.0000 

.0002 

.0003 

-.0012 

-.0014 

.0004 

-.0003 

224 

-.0  786 

.0019 

-.0068 

.1072 

-.1402 

.3158 

-.0538 

.0039 

225 

.0217 

-.0001 

.0074 

.01  74 

-.1119 

-.1168 

.0503 

-.0359 

'Elastic  modes  start  at  "mode  3." 


REPRODUCIBILITY  OF  TtLJ 
ORIGINAL  PAGE  IS  POOR 
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TA3lc  11-6  AI&Pt.ANf  VIBPATIOM  SHAP=S  , F INAL  ST!FFNCSS  nFSIGN 


Symmetric  , LOW  GPOSS  WEIGHT 


P^W 

M10F  17 

MOOF  18 

MODF  19 

HOOF  20 

I 

-.0615 

.1013 

.0078 

-.0001 

2 

-.0083 

• 0044 

.0005 

-.0017 

3 

-.0110 

-.0364 

-.0032 

.0063 

4 

-.0002 

.0002 

-.0001 

-.0000 

5 

-.0005 

.0003 

.0003 

.0004 

6 

.0000 

-.0001 

.0001 

.0001 

7 

-.1155 

.0723 

.0217 

.0162 

8 

-.0177 

-.0063 

.0060 

-.0031 

9 

.0462 

.0023 

-.0155 

.0108 

10 

-.0002 

.0004 

.0001 

.0002 

11 

.0002 

.0009 

.0001 

.0003 

12 

-.0000 

-.0002 

-.0000 

-.0001 

13 

-.2071 

-.0101 

.0026 

-.0449 

14 

-.0509 

.0450 

.0073 

.02  74 

15 

.2507 

-.0031 

-.0531 

-.0154 

16 

-.1210 

-.0090 

-.1374 

-.1892 

17 

-.1832 

.0775 

-.1206 

-.0727 

18 

.0427 

-.0302 

.0053 

.0116 

19 

.0287 

-.1599 

.0904 

-.0165 

20 

.0  342 

-.2536 

.1474 

-.0464 

21 

.0903 

-.2603 

.1445 

-.04«  r 

?2 

-.1995 

-.0082 

.0027 

-.0423 

23 

-.1792 

.0154 

.0061 

-.0219 

24 

-.1344 

.0316 

.0077 

-.0003 

25 

-.0457 

.0433 

.0070 

.0269 

26 

.0427 

.0446 

.0031 

.0441 

27 

.1646 

.0354 

-.0078 

.0534 

28 

.2363 

.0185 

-.0242 

.0361 

29 

.2487 

.0030 

-.0399 

.0062 

30 

.1838 

-.0183 

-.0665 

-.0594 

31 

.0465 

-.C247 

-.0946 

-.1257 

32 

-.1908 

-.0062 

.0029 

-.0393 

33 

-.1 6°2 

.0165 

.0060 

-.01^2 

3 4 

-.1254 

.0303 

.0073 

.0003 

35 

-.0400 

.0412 

.0067 

.0261 

36 

• 037v 

.0414 

.0035 

.0409 

■»  7 
| 

.1515 

• 0324 

-.0063 

.0495 

38 

.2181 

.0171 

-.0202 

.0358 

TABLc  11-6 


AIRPLANE  VIBPATIOM  MP95  SHAPES 


» 


e INAL 


ST  I FF*'P  *)S  0ESI6*' 


SY«*CTP1C  , L^W  GP^S*  ^“TP»HT 


pnw 

\»npc  17 

vOOF  18 

19 

l*ODE  29 

39 

• 2 383 

.0012 

-.0352 

.0034 

40 

.1710 

-.0200 

-.0596 

-.0552 

41 

.0768 

-.0258 

-.0852 

-.1172 

42 

-.1177 

-.0119 

-.1167 

-.1674 

43 

-.2417 

.0198 

-.1438 

-.1833 

44 

-.2703 

.0525 

-.1464 

-.1533 

45 

-.1783 

.0737 

-.1104 

-.0678 

46 

-.0792 

.0619 

-.0715 

-.0167 

47 

.0000 

.0218 

-.0298 

.0071 

4R 

.0370 

-.0125 

-.0006 

.0147 

49 

• 04C0 

-.0430 

.0205 

.0113 

50 

.0335 

-.0708 

.0391 

.0050 

51 

.0235 

-.1008 

.0585 

-.0034 

52 

.0133 

-.1316 

.0785 

-.0131 

53 

.0055 

-.1627 

.0982 

-.0236 

54 

.0050 

- • 192° 

.1167 

-.0337 

55 

.0143 

-.2107 

.1265 

-.0406 

56 

.0340 

-.2144 

.1263 

-.0428 

57 

.0724 

-.1961 

.1100 

-,0377 

58 

.1193 

-.1555 

.0785 

-.0253 

59 

-.1318 

.0278 

.0071 

-.0029 

60 

-.0460 

.0383 

.0068 

.02  30 

61 

.0502 

.0354 

.0042 

.0402 

62 

.0621 

.0375 

.0028 

.0428 

63 

.1326 

.0220 

.0002 

.0451 

64 

.1776 

.0244 

-.0085 

.04  73 

65 

.1744 

-.0002 

-.0039 

.0325 

66 

.2263 

.0005 

-.0202 

.0251 

67 

.1017 

-.0204 

.0037 

.006? 

68 

.1245 

-.0229 

-.0116 

-.0094 

69 

.1587 

-.0232 

-.04 02 

-.0374 

70 

.0548 

-.0371 

.0021 

-.0211 

71 

.0447 

-.0322 

-.0261 

-.0519 

72 

.0426 

-.0292 

-.0646 

-.0952 

73 

-.0197 

-.0316 

.0144 

-.0161 

74 

-.0433 

-.0451 

-.0059 

-.0605 

75 

-.0554 

-.0290 

-.036. 

-.0700 

76 

-.0945 

-.0180 

-.0891 

-.1370 

/ 


T 


TABLE  H-6 


AT»Pl&!\!C  VIBRATION  MODE  SHAPES 


* 


FINAL 


$T IFF^-SS 


"ESTON 


SYMIcxqtc  t LOW  GP°SS  WEIGHT 


sow 

MODE  17 

MOOF  18 

*?0E  19 

MOnF  20 

77 

-.0697 

- .02*36 

.0197 

-.0176 

78 

-.0«71 

-.0261 

.0034 

-.0357 

79 

-.IIP? 

-.0189 

-.0241 

-.0648 

80 

— . 1 76° 

-.0011 

-.0803 

-.1208 

«1 

-.lllc 

-.0213 

.0229 

-.0135 

82 

-.1347 

-.0122 

.0049 

-.0247 

83 

-.1460 

-.0089 

-.0144 

-.0457 

84 

— . 19° l 

.0154 

-.0665 

-.0886 

85 

-.2571 

.0426 

-.1284 

-.1415 

86 

-.1580 

.0016 

-.0034 

-.0202 

87 

-.1801 

.0350 

-.0454 

-.0380 

88 

-.1957 

.0631 

-.0885 

-.0626 

89 

-.1379 

-.0102 

.0340 

.0081 

90 

-.1487 

-.0016 

.0229 

.0129 

91 

-.1425 

.0123 

.0135 

92 

-.1122 

*7 

-.0204 

.0119 

93 

-.0440 

5 

-.0418 

.0217 

94 

-.0260 

*3 

-.0456 

.0124 

95 

-.0045 

.0.  * 

-.0342 

.0212 

96 

.0210 

.02-  > 

-.0126 

.0211 

97 

.0255 

-.0141 

.0109 

.0150 

98 

.0190 

-.0556 

.0350 

.0056 

Q9 

-.0176 

-.0894 

.0609 

-.0111 

100 

-.0294 

-.0995 

.0693 

-.0241 

101 

.0178 

-.1228 

.0759 

-.0275 

102 

.0779 

-.1222 

.0660 

-.0227 

103 

-.0949 

-.0042 

.0374 

.0288 

104 

-.1035 

-.0051 

.0376 

.0461 

105 

— .0  860 

-.0014 

.0288 

.0444 

106 

-.0218 

.0471 

.0067 

.0368 

107 

.035? 

.0716 

-.0157 

.0295 

10P 

.0350 

.0664 

-.0153 

.0306 

109 

.0005 

.0411 

-.0057 

.0227 

no 

-.0470 

-.0282 

.0313 

-.0035 

in 

-.0484 

-.0628 

.0509 

-.0142 

112 

-.0473 

.0101 

• 0318 

.0469 

113 

-.0570 

-.0025 

.0405 

.0607 

114 

-.0602 

-.0183 

.0520 

.0997 

T 481 c 11-6  AIQOLANF  VIBRATION  mODE  5HAPFS 


FINAL  STIFFN=«:S  PESIGN 


mw  GROSS  WFIGHT 


PPW 

40PC  17 

VDF  18 

"ODE  19 

m^0E  20 

115 

-.0397 

-.0126 

.0345 

.0518 

116 

.0545 

.0365 

.0607 

.0073 

117 

.1135 

.0566 

.042? 

-.0064 

118 

.0757 

.0511 

.0002 

.0223 

119 

-.0027 

.0726 

-.0238 

.0310 

120 

-.0788 

.0804 

-.0210 

.0183 

121 

-.106? 

.0503 

-.0053 

.0015 

122 

-.1169 

.0482 

-.0018 

-.0033 

123 

-.1048 

.0338 

.0048 

-.007° 

124 

-.0604 

.0244 

.0033 

-.0077 

125 

• 0185 

.0322 

-.0145 

.0019 

126 

.0697 

.0453 

-.0312 

.0112 

127 

.1368 

.0624 

-.0532 

.0233 

128 

.1956 

.0681 

-.0665 

.0312 

129 

-.0703 

.0058 

.1440 

.4227 

130 

-.0371 

-.0239 

.1909 

.5664 

131 

-.08PI 

• 0046 

.2482 

.7797 

132 

-.1102 

-.0308 

.3180 

1.0000 

133 

.0088 

-.0420 

.0044 

.0158 

134 

.3247 

.1133 

.3189 

-.2386 

135 

.5  398 

.1964 

.5124 

-.4604 

1 36 

.7607 

.2602 

.7761 

-.6949 

137 

1.0000 

.3544 

1.0000 

-.9521 

138 

.0546 

-.0008 

-.0125 

.0094 

139 

-.1378 

.1621 

-.0512 

.0299 

140 

-.1901 

.1363 

-.0378 

.0071 

141 

-.1526 

.1116 

-.0312 

-.0008 

142 

-.1026 

.1323 

-.0510 

.0062 

143 

-.0015 

.1784 

-.0961 

.02  86 

144 

.1736 

.3125 

-.2110 

.0892 

145 

.4101 

.5792 

-.*217 

.1999 

146 

.5520 

.714? 

-.5321 

.2583 

147 

.0323 

-.0704 

-.0534 

-.0516 

148 

-.0001 

-.1119 

-.0422 

-.0185 

149 

-.3547 

.2753 

-.0830 

.0109 

150 

-.1557 

.1622 

-.0590 

.0058 

151 

-.0128 

.2474 

-.1343 

.0409 

15? 

.3651 

.6271 

-.4407 

.2016 

618 


I 


T 


i • 


'A-iLF  11-6  AJ3PLANF  VI8FATI0*  MOOF  SHAPF*  » FINAL  STIFFNESS  nFS  TON 


SYM’x'F Tc  TC 


LnW  G“T  SS  WEIGHT 


prw 

Mnnc  i7 

18 

20 

153 

.7075 

1.0000 

-.7378 

.3586 

154 

.0413 

-.0259 

.0046 

.0126 

155 

. 0454 

-.0538 

.0238 

.0097 

156 

.0408 

-.0848 

.0442 

.0032 

157 

.9*23 

-.1169 

.0650 

-.0055 

15P 

.0233 

-.1500 

.0863 

-.0153 

159 

.0166 

-.1838 

.1077 

-.0261 

160 

.0167 

-.2169 

.1280 

-.0368 

161 

.0272 

-.2387 

.1401 

-.0444 

162 

.0463 

-.2495 

.1445 

-.0482 

163 

.0841 

-.2381 

.1326 

-,044y 

164 

-.0000 

-.0093 

.001  l 

-.0047 

165 

-.0206 

.0207 

-.0155 

-.0034 

166 

-.0678 

.0795 

-.0478 

.0019 

167 

-.0505 

.0929 

-.0492 

.0115 

168 

-.0018 

.0829 

-.0340 

.0250 

16° 

.0780 

.0541 

-.0041 

.0436 

170 

.0029 

-.0201 

.0052 

— . 00 1> 6 

171 

-.0157 

.0037 

-.0082 

-,00b9 

172 

-.0616 

.0639 

-.0407 

-.0011 

173 

-.0188 

-.0213 

.0013 

-.0136 

174 

-.0489 

.0319 

-.0262 

-.0071 

175 

-.0456 

.0617 

-.0363 

.9028 

176 

• OC 1 7 

.0637 

-.0260 

. 01  C6 

177 

-.045? 

-.0211 

-.0045 

-.022? 

178 

-.0344 

-.0071 

-.0077 

-.0164 

179 

.0109 

.0046 

-.0015 

.0025 

180 

.0681 

.0092 

.0106 

.0241 

181 

.1338 

.0155 

.0241 

.0512 

182 

-.00?3 

-.1202 

.0424 

-.0451 

183 

.0198 

-.0915 

.0363 

-.0279 

184 

.0776 

- .0415 

.0319 

.9105 

185 

.1030 

-.0171 

.0289 

.02  84 

186 

.0215 

-.1530 

.0603 

-.0487 

187 

.0«4« 

-.1106 

.0597 

-.0112 

188 

.156? 

-.0547 

.0562 

.0353 

189 

.2010 

-.0246 

.0560 

.0633 

190 

-.0831 

-.0035 

-.0263 

-.0243 

» - 


t 


I 


$ 

4 - 


619 


i 


T431  c n_6  AISPLANc  VIBRATION  MOO?  SHAPES  , r INAL  STIFFNCRS  r'cSIG,‘' 


SYMVPTR1C  , irw  GROSS  Wrir,WT 


ROW 

MOOE  17 

18 

Mr  IF  19 

MpOt  20 

191 

. 3 793 

-.0143 

.0171 

.0142 

192 

• onn 

-.0006 

.0002 

.0001 

193 

-.3581 

.0070 

.0073 

-.0729 

194 

-.0432 

-.0037 

-.0001 

-.0043 

195 

.1333 

-.0109 

-.0043 

.0309 

196 

.2010 

-.0167 

-.0062 

.0395 

197 

.1364 

-.0294 

-.0067 

.0132 

198 

.0395 

-.0469 

- .00  77 

-.0182 

199 

-.0570 

-.0509 

-.0065 

-.0411 

200 

-.1395 

-.0396 

-.0032 

-.0516 

201 

-.183? 

-.01 85 

.0008 

-.0462 

202 

-.1 776 

.0060 

.004  5 

-.0281 

203 

-.1271 

.0253 

.0066 

-.0037 

204 

-.0468 

.0345 

.0066 

.0201 

205 

.0393 

.0318 

.0052 

.0361 

206 

.1051 

.0187 

.0034 

.0394 

207 

.1275 

-.0007 

.00  32 

.02cl 

208 

.0965 

-.0182 

.0065 

.0117 

209 

.0421 

-.0280 

.0122 

-.0018 

210 

-.0175 

-.0321 

.0182 

-.0109 

211 

-.0659 

-.0301 

.0230 

-.01  17 

212 

-.0936 

-.0228 

.0274 

-.0083 

213 

-.0938 

-.0111 

.0285 

.0014 

214 

-.0647 

.0033 

.0236 

.008? 

215 

-.0208 

.0252 

.0103 

.0050 

216 

.0560 

.0582 

-.0190 

-.0166 

217 

.0648 

.0519 

-.0263 

-.0215 

218 

-.0289 

-.0039 

.0055 

.0012 

219 

-.1767 

-.0930 

.0582 

.33  99 

220 

.0011 

.0007 

-.0004 

-.9003 

27l 

-.1111 

-.0525 

.0352 

.0231 

222 

-.0270 

-.0027 

.0046 

.0003 

2 23 

.0007 

.0004 

-.0003 

-.0002 

2 24 

.1  °IL 

-.0237 

-.0067 

.0277 

225 

.0  383 

.06  89 

-.0322 

-.0253 

,at. 


T ARL F ll-t  ATPPIANP  VIRRATin^  MQQF  SHAPES*  , PIN^L  STTFPW=SS  rc5TOJ 


ANTISYMMETRIC  CASES  HIGH  GP?SS 


°w 

■OIF  1 

M'?Or  2 

MOOE  3 

MQOF  4 

v0OE  6 

MOD*  7 

MrOc  o 

1 

.0000 

.1251 

.0279 

.0982 

.0116 

-.0620 

.046  3 

.0596 

2 

I. 0000 

-.3044 

-.0153 

-.2288 

-.0047 

.0608 

-.2267 

-.0336 

3 

.0  300 

-.0979 

.3203 

-.0054 

.0222 

-.2261 

-.1840 

.1272  1 

4 

.0000 

-.0004 

.0013 

-.0002 

.0001 

.0001 

-.0015 

-.0003 

5 

.0000 

.0000 

-.0000 

-.0000 

-.0003 

.0010 

.0007 

-.0012 

6 

.0000 

-.0005 

-.0001 

-.0004 

-.0000 

.0002 

-.0003 

-.0002 

7 

.0000 

.2140 

.0478 

.1663 

.0343 

-.0532 

.1319 

.0928 

8 

1.00OO 

-.3058 

-.0393 

-.2351 

.0094 

. 1225 

-.1675 

-.1339 

9 

.0000 

-. 1674 

.6478 

-.0179 

.1480 

-.1422 

-.1216 

.1201 

10 

.0000 

-.0004 

.0013 

-.0002 

.0004 

.0014 

-.0004 

-.0021 

11 

.0000 

.0000 

.0000 

.0000 

-.0010 

.0006 

-.000  1 

-.0019  ■ 

12 

.0000 

-.0005 

-.0001 

-.0004 

.0000 

.0002 

-.0003 

-.090? 

13 

.0000 

-.0645 

.2111 

.0048 

-.1182 

.0841 

.0907 

.1870  • 

14 

.0000 

-.0943 

.3087 

-.000? 

-.1761 

.1131 

.1803 

.24  34  s: 

15 

.0  000 

- . 1 3 3 Q 

.4379 

-.0164 

-.2343 

.loe? 

,2076 

.1  2R° 

16 

.0000 

-.168? 

.5505 

-.0149 

-.2287 

.0389 

.1004 

-.091?  J, 

17 

.0000 

-.2101 

.68/4 

-.0147 

-.0919 

-.0379 

-.0836 

— « ??  8 1 

18 

.0000 

-.2365 

.7739 

-.0267 

.0804 

.0205 

-.0620 

-.2312 

19 

.0000 

-.2672 

.8742 

-.0401 

.3055 

.2208 

.1352 

-,?2t  ° 

20 

.oooo 

-.2901 

.9494 

-.0506 

.5019 

.4367 

.3604 

-.2414 

21 

.0000 

-.3056 

1.0000 

-.Qb^Q 

.6443 

.6088 

.5424 

-.2879 

22 

.0000 

-.0485 

.15  8 7 

. 0C41 

-.0886 

.0629 

.0672 

.1303 

23 

.0000 

-.0602 

.1970 

.0028 

-.1  103 

.0740 

.0990 

.16  6 7 

24 

.0000 

-.0653 

.226° 

.0015 

-.1281 

.0936 

.1255 

.1861 

25 

.0000 

-.0810 

.2652 

-.0001 

-.1510 

.0966 

.1550 

.2081  ’■ 

26 

.0000 

-.0897 

.2934 

-.0019 

-.1672 

.1033 

.1733 

.2097 

27 

.0000 

-.1014 

.3317 

-.0052 

-.1973 

.1082 

.1902 

.1963 

28 

.0000 

-.1105 

.3617 

-.0096 

-.2006 

. 1063 

.1946 

.1660  3 

29 

.0000 

-.1191 

.3897 

-.0133 

-.2109 

.1024 

.1929 

.1350  • 

30 

.0000 

-.1320 

.4319 

-.0174 

-.2215 

• 09c0 

.1772 

.0704  f 

31 

.0000 

-.1446 

.4732 

-.0176 

-.2230 

.0660 

.1436 

-.0  0 74  !■ 

32 

.0000 

-.0318 

.1041 

.00  33 

-.0577 

.0408 

.0429 

.0897  ‘ ; 

33 

.0000 

- .0444 

.1452 

.0023 

-.0809 

.0535 

.0739 

.1206 

34 

.0000 

- .0542 

.1773 

.0015 

-.0996 

.0645 

.0976 

.1443 

35 

.0000 

-.0667 

.2184 

.0001 

-.1240 

.0788 

.1277 

.1  702  *; 

36 

.0000 

-.0760 

.2486 

-.0014 

-.141? 

.086° 

.1459 

.1773 

37 

.0000 

-.0885 

.2897 

-.0044 

- • 16?9 

.0934 

.1645 

.1690  £ 

38 

.0000 

-.0991 

.3242 

-.008? 

-.1791 

.0945 

.1730 

.14  7 7 

pr'W 

3° 

*0 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 


T ABL  e 11-6 

ATCDLANS  V 1 3P  A t 

ION'  M|?D£ 

SHAPES* 

, FINAL 

STI FFNCSS 

OcSTON 

ANT 

JCV^VCTPIC  * HIGH 

r,£>f!S$  WEIGHT 

m.IOE  1 

MPOE  2 

MODE  3 

mope  4 

MnD?  5 

HOOE  6 

moof  7 

MqPF  8 

.0000 

-.1083 

.3545 

-.0119 

-.1912 

.0922 

.1741 

.1205 

.0000 

-.1222 

.3998 

-.0160 

-.2044 

.0812 

.1623 

.0617 

. )00P 

-.1361 

.4452 

-.0160 

-.2064 

.0601 

.1318 

-.0118 

.0000 

-.1532 

.5011 

-.0122 

-.2042 

.0314 

.0849 

-.0873 

.0000 

-.1702 

.5571 

-.008 1 

-.1339 

-.0002 

.0235 

-.1539 

.0000 

-.1840 

.6022 

-.0090 

-.1506 

-.0244 

-.0280 

-.1912 

.0000 

-.2013 

.6587 

-.0139 

-.0837 

-.0419 

-.0828 

—.2172 

.0000 

-.2104 

.6885 

-.0177 

-.0362 

-.0403 

-.098  8 

-.2198 

.0000 

-.2203 

.7210 

-.0220 

.0256 

-.0231 

-.0917 

-.21  14 

.0000 

-.2270 

. 7427 

-.0252 

.0747 

.0020 

-.0  721 

-.2040 

.0000 

- .2362 

.7730 

-.0290 

.1356 

.04  72 

-.0302 

-.1993 

.0000 

-.2443 

.7992 

-.0325 

.1925 

.0945 

.0157 

-.1969 

.0000 

-.2520 

.8245 

-.0359 

.2506 

.1475 

.0683 

-. 1944 

.0000 

-.2595 

.8491 

-.0393 

.3096 

.2043 

.1257 

-.1941 

.0000 

-.2672 

.6  744 

-.0428 

.3723 

.2695 

.1926 

-.1959 

.0000 

-.2747 

.8990 

-.0463 

.437? 

.3401 

.2662 

-.2000 

.0000 

-.2825 

.9242 

-.0499 

.5056 

.4188 

.3490 

-.2059 

.0000 

-.2897 

.9479 

-.0533 

.5715 

.4972 

.4310 

-.2127 

.0000 

-.2979 

.9749 

-.0573 

.6485 

.5919 

.5325 

-.2219 

.0000 

-.3056 

1.0000 

-.0610 

.7211 

.6826 

.6289 

-.2308 

.0000 

-.0444 

.1452 

.0016 

-.0812 

.0524 

.078“ 

.1178 

.0000 

-.0444 

.1452 

.0007 

-.0819 

.0519 

.0947 

.1144 

.0000 

-.0444 

.1452 

-.0002 

-.0815 

.0493 

.0840 

.101  1 

.0000 

-.0621 

.2032 

-.0012 

-.1150 

. 06°7 

.1190 

. 1401 

.0000 

-.0444 

.1452 

-.0015 

-.0796 

.0436 

.0773 

.0776 

.0000 

-.0787 

.2576 

-.0046 

-.1434 

.0791 

.1421 

.1346 

.0000 

-.0444 

.1452 

-.0036 

-.0772 

.0374 

.0695 

.0538 

.0000 

-.0787 

.2576 

-.0078 

-.1390 

.0678 

.1278 

.0925 

.0000 

-.0328 

.1073 

-.0045 

-.0526 

.0195 

.0390 

.0176 

.0000 

-.0617 

.2020 

-.0082 

-.1017 

• 03°1 

.0792 

.0315 

.0000 

- . 097? 

.3182 

-.0127 

-.1632 

.0654 

.131  1 

.01:08 

.0000 

-.0444 

.1452 

-.0245 

-.0733 

.0105 

.1189 

.0163 

.0000 

-.0787 

.2576 

-.0064 

-.1214 

.0353 

.0767 

-.0050 

.0000 

-.1176 

.3847 

-.0138 

-.1818 

.0538 

.1174 

-.0084 

.0000 

-.0328 

. 1073 

-.0021 

-.0423 

.0060 

.0160 

-.0090 

.0000 

-.0617 

.2020 

.0021 

-.0846 

.0137 

.0284 

-.0433 

.ooro 

-.0972 

.3182 

-.0044 

-.1315 

.0208 

.0546 

-.0501 

.0000 

-.1361 

.4452 

-.0100 

-.1827 

.0285 

.0771 

-.0751 

‘Elastic  modes  start  at  "mode  4.” 
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TA'Jir  11-6  ATPOLAN'c  VIBRATION  MOOF  $HA°c$* 


FINAL  STirFf'SS 


AMISYMMFTPIC  * HIGH  GRn<;$  wcTGhT 


Row 

M,?np  | 

«OPC  2 

MO0T  3 

vpnc  4 

yrnp  5 

MOOS  6 

Mprr 

77 

.0000 

- . 03?0 

.1073 

.0022 

-.0366 

-.0007 

.0035 

78 

.0000 

-.0637 

.2083 

.0023 

-.0719 

-.0009 

.0035 

79 

.0  000 

-.0972 

.3182 

.0006 

-.1096 

-.0016 

.0146 

PO 

.0000 

-.1361 

.4452 

-.0040 

-.1504 

-.0016 

.0206 

81 

.ooco 

-.0444 

.1452 

.0008 

-.0403 

-.0119 

-.0105 

P 2 

.0  000 

-.0787 

.2576 

.0004 

-.0695 

-.0210 

-.0185 

P 3 

.0000 

-.0572 

.3182 

.0005 

-. 0°26 

-.0181 

-.0122 

P4 

.0000 

-.1361 

.4452 

-.0032 

-.1222 

-.0236 

-.0184 

85 

.0000 

-.1717 

.5619 

-.0075 

-.1442 

-.0246 

-.0247 

86 

.0000 

- .0C72 

.3182 

-.0015 

-.0741 

-.0358 

-.0347 

87 

.OOfO 

-.1361 

• 4452 

-.0053 

-.0873 

-.0490 

-.0572 

88 

.0000 

-.1717 

.5619 

-.0098 

-.0883 

-.0495 

-.0717 

8e 

.0000 

-.0444 

.1452 

-.0015 

-.0300 

-.0254 

- .027  2 

90 

.0090 

-.0787 

.25  76 

-.0027 

-.0493 

-.0446 

-.0471 

91 

.0000 

-.0972 

.3182 

-.0038 

-.0558 

-.0555 

-.0592 

92 

.0000 

-.1361 

.4452 

-.0079 

-.0510 

-.0761 

-.0«98 

93 

.0000 

-.1717 

.5619 

-.0136 

-.0324 

-.073? 

-.1111 

94 

.ooro 

-.1581 

.6483 

-.0181 

-.0043 

-.0510 

-.1057 

c5 

.0000 

-.1901 

.6221 

-.0181 

.0161 

-.05Q4 

- .1085 

96 

.0  900 

-.2104 

.0835 

-.0236 

.0866 

-.0179 

-.0769 

97 

.0  000 

-.2261 

.7394 

-.9284 

.1523 

.0364 

-.030  1 

op 

.0000 

-.2354 

.7834 

-.0328 

.2153 

.0004 

.0264 

99 

.0  000 

-.2520 

.8245 

-.0399 

.3491 

.2147 

.148? 

100 

.0000 

-.2672 

.8744 

-.0482 

.5109 

.3814 

.3256 

101 

.0000 

-.2825 

.9242 

-.0537 

.6049 

.5078 

.454  l 

102 

.0000 

-.2952 

.9669 

-.0584 

.6859 

.6202 

.5693 

103 

.0000 

-.0444 

.1452 

-.0025 

-.0211 

-.0405 

-.0450 

104 

.0000 

-.0787 

.2576 

-.0044 

-.0282 

-.0770 

-.0755 

105 

.0000 

-.0972 

.3182 

-.0057 

-.0261 

-.0929 

-.0Q30 

106 

.0  )00 

-.1361 

• 44  5 2 

-.0194 

.0008 

-.1143 

-.1215 

107 

.0000 

-.1741 

.5696 

-.01 ?P 

.0533 

-.0844 

-.1198 

108 

.0000 

-.1901 

.6221 

-.022  i 

.1125 

-.0517 

-.09  14 

109 

.0000 

-.2104 

.6885 

-.0286 

.2029 

.0243 

-.0237 

no 

.0000 

-.2394 

.7834 

-.0335 

.3519 

.1849 

.1290 

in 

.0000 

-.2520 

.8245 

-.0420 

.4215 

.2678 

.2115 

112 

.C  )00 

-.0270 

.0884 

-.0019 

-.0120 

-.0263 

-.0315 

113 

.0  900 

-.0402 

.1610 

-.0028 

*.0150 

-.0601 

- .0608 

114 

.ooco 

-.0762 

.0494 

-.0041 

-.0112 

-.1109 

- .0904 

hps  jr,N 


vn^t  a 
-.0180 
-.0416 
-.0717 
-.1134 
-.0371 
-.0611 
- .0  70S 
-.1250 
-.1725 
-.0776 
-.1104 
-.1666 
-.0313 

- . o 4 7 
—.0464 
-.0934 
-.1393 
-.1744 
-.1393 

- .14  44 
-.1534 
-.1655 
-.1437 
-.1353 

- . I 6 73 
-.  19M 
-.0214 
-.0246 
-.0265 
-.0299 
-.06  18 
-.0563 
-.0604 
-.0891 
-.1079 
-.01  1 4 
- .0061 

.0159 


Elastic  modes  start  at  "mode  4." 


TAtU.  r 11-6 


AIPPLAN*-  V T B&  AT  I HM  POOF  SHA^S* 


KTMAL  STJFFPFSS  ncr  I .>■ 


AMT  I SYMVC  Tr>  IC  f HIGH  G°P'S  WEIGHT 


F.PW 

MODE  l 

POOF  2 

MroE  3 

POOE  4 

MnOe  5 

6 

m nrr  7 

Mpn: 

115 

.0000 

-.0972 

.3182 

-.0062 

-.0015 

-.  1395 

-.1276 

.0276 

116 

.0000 

-.1259 

.4119 

-.0102 

.0311 

-.1552 

-.1478 

.0404 

117 

.0000 

-.1517 

.4965 

-.0143 

.0781 

-. 1488 

-.1421 

.0559 

118 

.0000 

-.1669 

.5461 

-.0184 

.1124 

-.1150 

-• 1278 

.0353 

119 

.0000 

-.1895 

.6200 

-.0264 

.2160 

-.0341 

-.0627 

.0422 

120 

.0000 

-.2080 

.6806 

-.0331 

.3128 

.0711 

.0359 

t 02  60 

121 

.0000 

-.2236 

.7317 

-.0385 

.3968 

. 1674 

.1303 

.00  76 

122 

.0000 

-.2308 

.7553 

-.0414 

.4472 

.2248 

.1885 

.0013 

123 

.0000 

-.2432 

.7957 

-.0453 

.5092 

.3099 

.2733 

-.0259 

124 

.0000 

-.2598 

.8500 

-.0507 

• 595° 

.4335 

.3972 

-.0659 

125 

.0000 

-.2763 

.9042 

-.0561 

.6856 

.5660 

.5308 

-.109? 

126 

.0000 

-.2846 

.9313 

-.0589 

.7313 

.6347 

.6003 

-.1317 

127 

.0000 

- 295? 

.9659 

-.0624 

.7897 

.7225 

.6893 

-.1606 

128 

.0000 

-.3056 

1.0000 

-.0658 

.846  7 

.8077 

.7754 

-. 18R7 

129 

.0000 

-.0369 

.1206 

-.0030 

-.0064 

-.0572 

-.0549 

.0085 

130 

.0000 

-.0664 

.2172 

-.0042 

-.0009 

-.1197 

-.106? 

.0364 

131 

.0000 

-.036) 

.1206 

-.0036 

-.0009 

-.0708 

-.0650 

.0230 

132 

.0000 

- .0664 

.2172 

-.0047 

.0072 

-. 1394 

-.1216 

.0568 

133 

.0000 

-.0951 

.3113 

-.0054 

.0317 

-.2421 

-.1050 

.1431 

134 

.0000 

-.1243 

.4066 

-.0108 

.0692 

-. 1962 

-.173!: 

.1108 

135 

.0000 

-.1405 

.4596 

-.0133 

.0993 

-. 1947 

-.1709 

• 1265 

136 

.0000 

-.1243 

.4066 

-.0116 

.1029 

-.2320 

-.l°67 

.173? 

137 

.0000 

-.1405 

.4596 

-.0140 

.1315 

-.2290 

-.1932 

.1865 

138 

.0000 

-.1713 

.5604 

-.0202 

.1854 

-. 1357 

-.1180 

. 1437 

139 

.0000 

-.1936 

.6336 

-.0322 

.3396 

.0460 

.0278 

• 1061 

140 

.0000 

-.2125 

.6954 

-.0385 

.4234 

. 1504 

.1232 

.0761 

141 

.0000 

-.2325 

.7608 

-.0455 

.5423 

. 30*»5 

.2802 

.0388 

142 

.0'  00 

-.2493 

.8156 

-.0508 

.6311 

.4349 

.5121 

-.0036 

143 

.0000 

-.2660 

.8705 

-.0563 

.7224 

.5734 

.5578 

- * 0495 

144 

.0000 

-.2828 

.9253 

-.0619 

.8166 

.7211 

.7038 

-.0982 

145 

.0000 

-.2952 

.9659 

-.0661 

.8910 

.9441 

.8314 

-.1376 

146 

.0000 

-.3056 

1.0000 

-.0696 

.9509 

.9397 

.9295 

-.  1688 

147 

.0000 

-.0967 

.3164 

-.0042 

.0551 

-.3430 

-.2588 

.2518 

148 

.0000 

-.1710 

.5594 

-.0188 

.2626 

-.  1962 

-.1092 

.3204 

149 

.0000 

-.2088 

.6833 

-.0398 

.4653 

. 1668 

.1460 

. 1?07 

150 

.0000 

-.2359 

.7720 

-.0482 

.6020 

.3668 

.3493 

.04  79 

151 

.0000 

-.2611 

.8544 

-.0564 

.7396 

.5T64 

.5627 

-.0208 

152 

.0000 

-.2863 

.9367 

-.0648 

.8359 

.8132 

.9068 

-.0978 

'Elastic  modes  start  at  "mode  4." 
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K 

f TABL  5 11-fc  AIPPLANE  VIBRATION  MODE  SHAPfc*  , FINAL  ST ! FFNFSC  *FSIGN 

$ 


ANTISYMMETRIC  , HIGH  GROSS  WFTGHT 


pnw 

MOOF  1 

MGi>c  2 

MPOE  3 

MnpE  4 

MOPF  5 

MODE  6 

MODE  7 

vnnr 

153 

.0000 

-.3056 

1.0000 

-.0714 

1.0000 

1.0000 

l .0000 

-.1583 

154 

.0000 

-.2338 

.7650 

-.0264 

.0824 

.0168 

-.0630 

-.2713 

155 

.0000 

-.2412 

.7893 

-.0296 

.1320 

.0549 

-.0278 

-.2188 

156 

.0000 

-.2492 

.8155 

-.0330 

.1892 

. 1035 

.0194 

-.2165 

157 

.0000 

-.2570 

.8408 

-.0364 

.2478 

. 1575 

.0734 

-.2156 

158 

.0000 

-.2645 

.8654 

-.0398 

.3069 

.2150 

.1319 

-.2160 

159 

.0000 

-.2722 

.8906 

-.0433 

.3702 

.2806 

.1994 

-.2183 

160 

.0000 

-.2797 

.9153 

-.0468 

.4343 

.3515 

.2735 

-.2227 

161 

.0000 

-.2874 

.9405 

-.0504 

.5032 

.4304 

.3564 

-.7289 

162 

.0000 

-.2947 

.9642 

-.0538 

.5689 

.5083 

.4387 

-.2359 

163 

.0000 

-.3029 

.9912 

-.0578 

.6458 

.6029 

.5389 

-.2452 

164 

1.0000 

-.2309 

-.0836 

-.1810 

-.0126 

.0300 

— • 1 1 o 7 

-.0178 

165 

1.0000 

-.2629 

-.1381 

-.2137 

-.0268 

.0115 

-.1592 

.0117 

166 

1.0000 

-.3048 

-.2095 

-.2577 

-.0544 

-.0370 

-.2592 

.0672 

167 

1.0000 

-.3345 

-.2602 

-.2937 

-.0750 

-.0707 

-.3921 

.1281 

168 

1.0000 

-.3584 

-.3009 

-.3240 

-.0922 

-.0984 

-.5222 

.1852 

169 

1.0000 

-.3828 

-.3424 

-.3562 

-.1  105 

-.1279 

-.6733 

.2499 

170 

1.0000 

-.2368 

-.0663 

-.1824 

-.0070 

.0420 

-.1097 

-.0320 

171 

1.0000 

-.2685 

-.1216 

-.2150 

-.0199 

.0266 

-.1471 

-.0044 

172 

1.0000 

-.3108 

-.1953 

-.2599 

-.0464 

-.0181 

-.2447 

.0515 

173 

1.0000 

-.3011 

-.1007 

-.2358 

-.0055 

.0650 

-.1371 

-.0337 

174 

1.0000 

-.3233 

-.1662 

—.2 643 

-.0299 

.0202 

-.2150 

.0195 

175 

1.0000 

-.3478 

-.2350 

-.2996 

-.0611 

-.0370 

-.3616 

.0905 

176 

1.0000 

-.3650 

. i 898 

-.3269 

-.0850 

-.0810 

-.5067 

.1704 

177 

1.0000 

-.3672 

-.1324 

-.2903 

-.0011 

.0940 

-.1600 

-.0377 

178 

1.0000 

-.3760 

-.1943 

-.3121 

-.0317 

.0342 

-.2970 

.0390 

179 

1.0000 

-. 3849 

-.2567 

- 3356 

-.0635 

-.0287 

— .459  5 

.12  58 

180 

1.0000 

-.3916 

-.3030 

-.  1537 

-.0876 

-.0766 

-.5924 

.1952 

m 

1.0000 

-.3979 

-.3499 

-.3719 

-.1122 

-. 1260 

-.7301 

.2671 

182 

1.0000 

-.4234 

-.1588 

-.3432 

-,0033 

.1108 

-.2799 

-.0101 

183 

1.0000 

-.4175 

-.2026 

-.3496 

-.0281 

.0572 

-.3788 

.0514 

184 

1.0000 

-.4077 

-.2761 

-.3608 

-.0701 

- .0341 

-.5550 

.1592 

185 

1.0000 

-.4034 

-.3089 

-.3658 

-.0888 

-.0748 

-.6330 

.2071 

186 

1.0000 

-.4394 

-.1663 

-.3588 

-.0043 

.1149 

-.3 222 

.0007 

187 

1.0000 

-.4296 

-.2398 

-.3703 

-.0464 

.0237 

-.5015 

.1093 

188 

1.0000 

-.4193 

-.3168 

-.3822 

-.0905 

-.0726 

-.6806 

.22  40 

189 

1.0000 

-.4139 

-.3579 

-.3885 

-.1141 

-.1243 

-.7914 

.2860 

190 

.0  000 

-.2227 

.7287 

-.0356 

.5133 

.2555 

.4389 

.1281 

I 


l 


T API.  p 11-6 


ATPPLANF  VT  8RATI IN  V0:iE  8HAPF<;# 


FINAL  STIFF^FFS  ^FMON 


ANT 

I f!  YM*'F  TP  I C 

t HIGH 

G&OSS 

WFIOHT 

(?nW 

■400  P 1 

MODE  2 M 

90S  3 

M10F  4 

MOPE  5 

*005  6 

MCDF.  7 

MODc  1 

191 

.0000 

.2847 

.0636 

.2326 

-.0496 

-.0450 

.4364 

.0610 

192 

.0000 

.0000 

.0000 

.0001 

-.0014 

-.0009 

-.0011 

-.0008 

193 

1.0000 

.0046 

.0144 

.0055 

-.0055 

-.0056 

.0070 

-.0073 

194 

.0000 

. 1006 

.0225 

.0777 

.0002 

-.0119 

.0590 

-.0019 

195 

.0000 

-.0005 

.0001 

.0019 

.0000 

-.0000 

.0000 

-.0000 

196 

.0000 

-.0004 

.0013 

.0000 

-.0007 

.0005 

.0004 

.0014 

197 

.0000 

-.0004 

.0013 

.0000 

-.0007 

.0005 

.0004 

.0014 

198 

.0000 

-.0004 

.0013 

.0000 

-.0007 

.0005 

.0004 

.0014 

199 

.0000 

-.0004 

.0013 

.0000 

-.0007 

.0005 

.0005 

.0013 

200 

.0000 

-.0004 

.0013 

.0000 

-.0007 

.0005 

.0005 

.0013 

201 

1.0000 

1.0000 

.2420 

1.0000 

-.0364 

.4236 

-.8454 

1.0000 

202 

1.0000 

.9160 

.2133 

.8840 

-.0233 

.2887 

-.5579 

.6403 

203 

1.0000 

.8454 

.1905 

.7888 

-.0128 

.1836 

-.3352 

.3664 

204 

1.0000 

.7769 

.1678 

.7001 

-.0029 

.0938 

-.1476 

.1420 

205 

1.0000 

.6591 

.1295 

.5603 

.0127 

-.0225 

.0890 

-.1192 

206 

.0000 

-.0004 

.0013 

.0000 

-.0007 

.0005 

.0005 

.0013 

207 

.0000 

-.0004 

.0013 

-.0000 

-.0007 

.0005 

.0006 

.0012 

208 

.0000 

-.0004 

.0013 

-.0000 

-.0007 

.0005 

.0006 

.0012 

209 

.0000 

-.0004 

.0013 

-.0000 

-.0007 

.0005 

.0006 

.0012 

210 

.0000 

-.0004 

.0013 

-.0000 

-.0007 

.0005 

.0005 

.0012 

211 

.0000 

-.0004 

.0013 

.0000 

-.0007 

.0005 

.0004 

.0011 

212 

.0000 

-.0004 

.0013 

.0000 

-.0007 

.0004 

.0004 

.0010 

213 

.0000 

-.0004 

.0013 

.0000 

-.0006 

.0004 

.0004 

.0008 

214 

.0000 

-.0004 

.0013 

.0001 

-.0006 

.0003 

.0004 

.0007 

215 

.0000 

-.0004 

.0013 

.0001 

-.0006 

.0003 

.000  3 

.0006 

216 

.0000 

-.0004 

.0013 

.0002 

-.0005 

.0002 

.0003 

.0003 

217 

.0000 

-.0004 

.0013 

.0002 

-.0005 

.0001 

.0002 

.0002 

218 

.0000 

-.0004 

.0013 

.0000 

-.0005 

.0000 

.0002 

.0000 

219 

.0000 

-.0004 

.0013 

-.0002 

-.0004 

.0000 

.0001 

-.0001 

220 

.0000 

-.0004 

.0013 

-.0002 

-.0004 

-.0000 

-.0000 

-.0002 

221 

.0000 

-.0004 

.0013 

-.0001 

-.0004 

-.0001 

-.0002 

-.0003 

222 

.0000 

-.0004 

.0013 

-.0001 

-.0004 

-.0000 

-.0004 

-.0005 

223 

.0000 

-.0004 

.0013 

-.0000 

-.0003 

-.0001 

-.0005 

-.0007 

224 

1.0000 

.6180 

• 1196 

.5172 

.0159 

-.0472 

.1398 

-.1612 

225 

1.0000 

.5662 

.1080 

.4656 

.0191 

-.0694 

.1339 

-.1862 

226 

1.0000 

5144 

.0965 

.4151 

.0216 

-.0846 

.2113 

-.1937 

227 

1.0000 

.46  26 

.0849 

.3660 

.0231 

-.0919 

.2207 

-.1349 

228 

1.0000 

.4108 

.0733 

.3194 

.0231 

-.0905 

.2109 

-.1642 

* Elastic  mod » start  at  "mode  4." 
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PINAL  STlPFvtsS  rPSir,*' 


729 
230 
2 1 \ 

232 

233 
2 34 
235 

736 

737 
238 
739 

290 

291 

292 

293 
299 
795 

296 

297 

298 

299 

250 

251 

252 
2*3 
759 

255 

256 
757 

258 

259 

260 


AT& PLAN*  VI RP ATI  ON  vnrjg  SHAPPP*  , 


A^T l $YMMF TO  I C , HIPH  PROPS  WFIOMT 


MOO?  l 

MOOF  2 

*rpt  3 

MPPF 

i.ooro 

.3590 

.0618 

.2  79<? 

1.0000 

.3072 

.0502 

.2307 

1 .0000 

.2569 

.0386 

.1873 

i.nooo 

.2036 

.0271 

.1937 

1.0000 

.1518 

.0155 

.1000 

1.0000 

. 1000 

.0039 

.0559 

l.OOCO 

.0983 

-.0076 

.0104 

1.0000 

- .0036 

-.0192 

-•  0l|90 

1.0000 

- .0600 

-.0166 

-.0295 

1.0000 

- .1191 

-.0196 

-.0752 

1.0000 

-.1651 

-.0337 

-.1182 

1.0000 

-.2161 

-.0978 

-.1615 

1.0000 

- .2609 

-.0821 

-.2083 

.0000 

-.0009 

.0013 

-.0000 

,0000 

-.0009 

.0013 

-.0000 

.0000 

-.0009 

.001  , 

-.0000 

.0000 

-.0009 

.0013 

-.0000 

1.0000 

-.3111 

-.1259 

-.2630 

1.0000 

- .9389 

-.2001 

-. 4325 

1.0000 

-.5099 

-•23rt3 

-.5236 

1.0000 

-.5756 

-.2805 

-.6250 

.0000 

-.0009 

.0013 

-.0000 

.0000 

-.0005 

-.0001 

-.0006 

.0000 

.0360 

.0080 

.0467 

1.0000 

-.5360 

-.2987 

-.5658 

.0000 

-.0282 

.0972 

-.0031 

.0000 

-.0009 

.0013 

-.ocoo 

.oooo 

- .0005 

-.0001 

-.0006 

1.0000 

-.9680 

-.3636 

-.6216 

1.0000 

.7079 

.1948 

.6158 

1.0000 

-.3768 

-.1633 

-.34  96 

.0000 

-.0009 

.0013 

-.0001 

MC9P  5 

rfODE  6 

M0r>F  7 

VOOP 

.0270 

-.033? 

.1891 

-.1378 

.0200 

-.0776 

.1615 

-.1104 

.0173 

-.0608 

.1317 

-.0857 

.014? 

-.0481 

.1015 

-.0651 

.0109 

-.0350 

.0720 

— .04  ao 

.0073 

-.0246 

.0429 

-.0364 

.0052 

*•01 46 

.0156 

-.0269 

.0034 

-.0070 

- .006  c 

-.0206 

-.0030 

-.0008 

.0763 

-.0172 

-.0047 

.0042 

-.0540 

-.01 54 

-.001* 

.0080 

~.0?0« 

-.0113 

-.0004 

.0112 

-.I'M  5 

-.00  70 

.0044 

.0113 

-.0900 

.0067 

-.0003 

-.0001 

-.0036 

-.000-= 

-.0003 

-.0001 

-.0007 

-.001? 

-.0003 

-.000’ 

-.0007 

-.0012 

-.0003 

-.0001 

-.0007 

-.001? 

.0100 

.00  53 

-.0408 

.0383 

.0163 

-.0336 

.2086 

.270  7 

.0202 

-.070? 

.3^7 

.3861 

.0249 

1079 

.6259 

. 5900 

-.0003 

-.0001 

-.0007 

-.0013 

-.0000 

-.0003 

.0014 

.0011 

.0009 

.0183 

-.0976 

-.0823 

.0203 

-.08*6 

• 438  1 

.4628 

-.0247 

- . 00  ■’  3 

-.0518 

- . Oc  1 1 

-.0003 

-.0001 

- .0007 

-.0012 

-.0000 

-.0002 

.00  12 

.on  n 

.0535 

-.0584 

. 69P 

. 60  6K 

.0068 

.0189 

.005  7 

-.0324 

.0129 

-.013  \ 

.0647 

.1072 

-.0003 

-.0001 

-.0006 

-.0011 

"EUitic  modes  start  at  "mode  4.” 
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T»8t  r u- 

6 AIRPLAY  V I 8P  AT  l "'N  moop 

SHAPES 

. r!NAl 

ST  I FFUPSS 

"PSION 

i 

i 

j 

- 

ANTISYMMETRIC  t HIOM  OC^S?  WMOHT 

P^W 

MQf>r  9 

VOO*  10 

vnn:  jj 

M"i?€  12 

M30E  1 5 

_> 

J 

Ml 

r— 

Mnnc 

MO"c  16 

i 

v 

1 

-.0099 

-.0999 

.1178 

.0013 

.0039 

.0021 

-.0536 

-.0229 

2 

.0228 

J 

-.0626 

-.0287 

.1551 

.111® 

-.1197 

.0085 

3 

.0"85 

-•2**9! 

.2587 

-.0069 

.0620 

.0295 

-.0586 

.0191 

9 

.0002 

.0022 

-.0018 

-.0005 

.0026 

.0025 

-.0023 

.0001 

5 

-.0000 

.0017 

-.0026 

.0000 

— .000 > 

-.0000 

.0012 

.0005 

6 

.0000 

.0009 

-.0003 

-.0000 

.0001 

.0001 

-.0001 

.0001 

7 

-.0133 

.1399 

.0131 

.0006 

.0076 

-.0326 

-.0937 

.0319 

t? 

.0195 

-.1^5? 

.0680 

.0131 

-.1619 

.036® 

-.2266 

.0789 

9 

-.0099 

.2393 

-.1012 

.0023 

-.0882 

-.0038 

-.0355 

-.0178 

10 

.0001 

-.0029 

-.0005 

.0002 

-.0029 

.0015 

.0038 

.0011 

11 

.onoi 

-.0030 

-.0009 

-.0000 

.0001 

.0009 

.0013 

-.0007 

% 

12 

.0000 

-.0001 

.0001 

.0000 

-.0002 

.0000 

-.0005 

.000? 

13 

-.0057 

.0705 

.2255 

-.0128 

-.0627 

.0956 

.1933 

.1969 

19 

-."127 

.1196 

.3981 

-.0180 

-.0900 

. 1973 

.2  2<=0 

. 1958 

15 

-.0119 

.0828 

.2079 

-.0019 

.0003 

-.0099 

-.1598 

-.2026 

•;  16 

-.0023 

-.0389 

-.1652 

.0190 

.0652 

-.  1035 

-.1999 

.0189 

17 

-.0022 

-.1660 

-.9519 

.00  06 

-.0567 

.0719 

.23T  1 

-.1538 

18 

-.0271 

-.1880 

-.9287 

-.0095 

-.1395 

. 1929 

.2609 

-.9595 

19 

-.0761 

-.2969 

-.2919 

-.0119 

-.0679 

. 1092 

.2299 

-.9682 

20 

-.1385 

-.3500 

-.0238 

— • 01 73 

.0739 

.0326 

.2  977 

-.371? 

21 

-.1991 

-.9968 

.1598 

-."231 

.2239 

-.0399 

.2717 

-.2? 30 

22 

-.0050 

.0527 

.1689 

-.0096 

-.0969 

.0717 

.1997 

.1116 

23 

-.0071 

.06  79 

.2135 

-.0120 

-.0552 

.09  37 

• 1 T57 

.1335 

29 

-.0039 

.0818 

.2528 

-.0137 

-.0685 

.1111 

.1515 

.1387 

25 

-.010- 

.0981 

.2930 

-.0155 

-.0772 

. 1270 

.1969 

.1266 

26 

-.01  . 

.1052 

.312° 

-.0195 

-.0736 

.1217 

.1573 

.06«5 

27 

-.0125 

.1062 

.7099 

-.0120 

-.0579 

.0999 

.0676 

-.0361 

28 

-.0119 

• 0969 

.2692 

-.0075 

-.0325 

.0519 

-.0359 

-.1299 

20 

-.0110 

.0835 

.2168 

-.0033 

-.0105 

.0192 

-.1103 

-.1759 

30 

-.0087 

.0573 

.1192 

.0038 

.025'' 

-.0955 

- .20 J 2 

-. 1807 

. * 

31 

-.0055 

.0116 

-.0165 

.0100 

.053  3 

-.0893 

-.2160 

-.0962 

32 

-.9032 

.0391 

.10°l 

-.0062 

-.0309 

.0969 

• 093c 

.0766 

33 

-.0053 

.0998 

.1562 

-.0087 

-.0933 

.0692 

.128? 

.0989 

- 0070 

.0632 

.1956 

-.0107 

-.0533 

.08*6 

.18  3* 

.1111 

v 

35 

-.0090 

.0303 

.2990 

-.0127 

-.0639 

.1095 

.1625 

.1059 

36 

-.0101 

. 0889 

.2639 

-.0126 

-.0629 

. 1032 

.1359 

.0626 

37 

-.0108 

.0913 

.2619 

-.0103 

-.0989 

.0805 

.057? 

-.0311 

38 

-.0106 

.0355 

.2396 

-.0067 

-.02®  1 

.0965 

- .0299 

-.1129 

■ 
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TARle  11-6  AIPPHNr  VIOFATIOW  wo.OE  SHAPES  , PINAL  $TTFFfcP$S  OFSIGN 


ANTJPYMmptric  t HIGH  GROSS  WEIGHT 


PDW 

»orif  o 

M0OE  jo 

wnn?  u 

MOOF  12 

MOOP  13 

MOnp  14 

m?DP  15 

16 

39 

-.0099 

.0748 

.1939 

-.0028 

-.0095 

.0114 

-.1030 

-.1630 

40 

-.0079 

.0479 

.1009 

.0038 

.0252 

-.0447 

-.1902 

-.1688 

41 

-.0049 

• 0086 

-.0226 

.0097 

.0518 

-.0865 

-.2046 

-.0830 

42 

-.0017 

-.0375 

-.1560 

• 0128 

.0596 

-.0937 

-.1289 

.0337 

43 

.0009 

-.0837 

-.2776 

.0121 

.0439 

-.0631 

-.0014 

•0885 

44 

.0015 

-.1170 

-.3547 

.0083 

.0119 

-.0147 

.1107 

.0417 

45 

-.0017 

-.1499 

-.4183 

.0009 

-.0509 

.0642 

.2207 

-.1289 

46 

-.0061 

-.1611 

-.4321 

-.0035 

-.0891 

.1036 

.2496 

-.2487 

47 

-.0148 

-.1601 

-.4236 

-.0070 

-.1197 

.1254 

.2511 

-.3565 

48 

-.0225 

-.1594 

-.3998 

-.0081 

-.1310 

.1316 

.2387 

-.4040 

49 

-.0330 

-.1644 

-.3581 

-.0074 

-.1251 

.1281 

.2232 

-.4214 

50 

-.0437 

-.1729 

-.3122 

-.0068 

-.1114 

.1203 

.2098 

-.4741 

51 

-.0561 

-.1871 

-.2604 

-.0066 

-.0900 

.1089 

.1995 

-.4183 

52 

-.0699 

-.2056 

-.2039 

-.0068 

-.0621 

.0946 

• 1926 

-.4058 

53 

-.0960 

-.2316 

-.1384 

-.0078 

-.0240 

.0756 

• 1898 

-.3822 

54 

-.1070 

-.2648 

-.0666 

-.0095 

.0236 

.0524 

.1933 

-.3495 

55 

-.1307 

-.3055 

.0152 

-.0120 

.0830 

.0235 

.2008 

-.2078 

56 

-.1554 

-.3483 

.0986 

-.0146 

.1472 

-.0071 

.2115 

-.2353 

57 

-.1866 

-.4027 

.2018 

-.0175 

.2303 

-.0463 

.2278 

-.1447 

58 

-.2169 

- 4553 

• 3025 

-.0201 

.3142 

-.0850 

•2441 

-.0454 

59 

-.0056 

.0511 

• 1586 

-.0087 

-.0435 

.0707 

.1247 

.0944 

60 

-.0060 

.0535 

.1637 

-.0087 

-.0439 

.0730 

.1184 

• 0854 

6 1 

-.0058 

.0507 

.1514 

-.0073 

-.0362 

.0604 

•0808 

.0391 

62 

-.0082 

.0713 

.2113 

-.0099 

-.0489 

.0813 

.1013 

.0399 

63 

-.0049 

.0416 

.1197 

-.0045 

-.0212 

.0349 

.0229 

-.0173 

64 

-.0090 

.0753 

.2 122 

-.0074 

-.0343 

.0561 

.0161 

-.0596 

65 

-.0040 

.0318 

.0859 

-.0019 

-.0069 

.0104 

-.0276 

-.0607 

66 

-.0074 

.0569 

.1496 

-.0026 

-.0088 

.0126 

-.0707 

-.1292 

67 

-.0018 

.0125 

.0297 

• 0004 

.0038 

-.0068 

-.0311 

-.0222 

6? 

-.0037 

.0244 

.0537 

.0015 

.0108 

-.0187 

-.0826 

-.0655 

69 

-.0064 

.0403 

.0859 

.0031 

.0207 

-.0365 

-.1615 

-.1473 

70 

-.0062 

.0029 

-.0218 

.0033 

.0158 

-.0197 

-.0726 

-.0482 

71 

-.0026 

.0089 

-.0041 

.0055 

.0300 

-.0481 

-.1218 

-.0330 

72 

-.0044 

.0101 

-.0144 

.0089 

.0485 

-.0811 

-.2014 

-.0838 

73 

-.0002 

-.0022 

-.0119 

• 0015 

.0083 

-.0124 

-.0115 

.0189 

74 

.0009 

-.0004 

-.0221 

• 0044 

.0242 

-.0451 

-.0457 

.0399 

75 

-.0007 

-.0169 

-.0823 

.0085 

.0420 

-.0648 

-.0977 

.0526 

76 

-.0014 

-.0305 

,-.1320 

.0116 

.0554 

-.0869 

-.1236 

.0415 

T“ 


T4Pl e ll-ft 


PIM4L  STTPPMrS^  rrsir,*! 


& TR Pli Kr  vitiRt^ia':  $H;prs  t 


4MTI  SVMMc  tr  jf-  f Hjr.H  P.PPsS  WET''»MT 


tow 

M HOC  9 

Mr^E  10 

Mon*  u 

vpnr  12 

M-.rc  l3 

14 

MPHf  15 

> 77 

.0006 

-.0081 

-.0276 

.0018 

.0096 

-.0131 

-.0005 

.0351 

78 

.0010 

-.0186 

-.0669 

.0042 

.0209 

-.0289 

-.0037 

.0662 

: 70 

.0013 

-.0347 

-.1230 

.0073 

.0336 

-.0469 

- .0 14C 

.1059 

80 

.0012 

-.0589 

-.2024 

.0102 

.0*21 

-.0595 

-.one 

. 11  l 4 

; 81 

.0016 

-.0176 

-.0517 

.0021 

.0117 

-.0123 

.0249 

. 0643 

82 

.0025 

-.0338 

-.10ol 

.0039 

.0186 

-.0104 

.0460 

.9973 

83 

.0025 

-.0431 

-.1407 

• °05  3 

.0253 

-.0301 

.0412 

.1184 

34 

.0026 

-.0719 

-.2292 

.00  77 

.0259 

-.0304 

• 0o6  2 

.1108 

85 

.0018 

-.1036 

-.3197 

.0085 

.0174 

-.0212 

.0953 

.0660 

86 

.0035 

-.0459 

-.1405 

.0037 

.0168 

-.012? 

.0817 

.10  30 

8 7 

.00?6 

-.0771 

-.2291 

.0039 

.0065 

. 0049 

.1271 

.0640 

88 

.0015 

-.1103 

-.3253 

.0031 

-.0189 

.0312 

.1721 

-.0198 

8 9 

.0026 

-.0200 

-.0477 

.0010 

.0089 

-.0046 

.052  1 

.0688 

90 

.0041 

-.0340 

-.0979 

.0016 

.0131 

-.0042 

.0904 

.094y 

oj 

a 

.004  7 

-.0429 

-.1259 

.0016 

.0123 

.0001 

.1091 

.0909 

• 92 

.0045 

-.0717 

-.2018 

.0003 

-.0047 

.0299 

.1504 

.01  90 

i 93 

.0018 

-.1084 

-.2989 

-.0020 

-.0477 

.0775 

.1969 

-.1 1 78 

? 94 

-.0050 

—.12*6 

-.3642 

-.0032 

-.0972 

. 1020 

.2146 

-.222? 

95 

-.0  )4? 

- • 09C6 

-.3148 

-.0023 

-.0833 

.0943 

.1817 

-.1871 

J 96 

-.0158 

-.1006 

-.3152 

-.0031 

-.1072 

. 1070 

.1784 

-.2002 

; Q7 

-.0285 

-.1166 

-.2938 

-.0034 

-.1107 

. 1004 

.1727 

-.3318 

; 98 

-.0430 

-. 1438 

- .25  9 3 

-.0038 

-.0976 

. 1058 

.1741 

-.3629 

99 

-.0690 

-.1583 

-.1105 

-.0011 

-.0327 

.0674 

.131? 

-.2830 

’ 100 

-.1143 

-.2169 

.0905 

-.0021 

.0003 

.0029 

.1132 

— .13  66 

101 

-.1559 

-.3073 

.1905 

-.0085 

.1845 

-.0361 

.1561 

-.0862 

102 

-.1944 

-.3903 

.2835 

-.0142 

.2754 

-.073d 

.198? 

-.0244 

103 

.0036 

-.0285 

-.0071 

.0003 

.0076 

-.0035 

.0513 

.0635 

104 

.0053 

-.0515 

-.0343 

-.0004 

.0139 

.0006 

.0902 

.0848 

105 

.0058 

-.05?^ 

-.0604 

-.0017 

.0183 

.012) 

.0970 

.0699 

106 

.0045 

-.0370 

-.1336 

-.0032 

-.0036 

.0400 

.1246 

-.0067 

107 

-.0019 

-.0258 

-.2162 

-.0001 

-.0782 

.0740 

.1031 

-.1029 

10  8 

-.0087 

-.0083 

-.2064 

.0024 

-.0972 

.0788 

.0792 

-.1385 

109 

-.0220 

-.0166 

-.1627 

.0056 

-.0907 

.0750 

.0609 

-.1647 

r no 

-.0568 

-.0910 

-.0532 

.0058 

-.0269 

.0512 

.0666 

-.1694 

< m 

-.  , 796 

-.1411 

.0054 

.0030 

.0176 

.0  333 

.0826 

-.1635 

: H2 

.0025 

-.Ol«5 

.0136 

-.0000 

.0042 

-.0027 

.0258 

.0410 

• 113 

.0042 

-.0464 

.0270 

-.0000 

.OOP.  3 

-.0046 

.0482 

.0654 

j n* 

.0059 

-.0890 

.0474 

-.0012 

.01/2 

-.0002 

.0644 

.0719 

f 

1 

t 

{ 
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T ABL  c 11-6 


A ! P PL  AN*1  VT(JPAMn\  "nOE  SHAPCS 


FINAL  S'r!  FFVCSS  "F9TGM 


AMISYMvctptc  , HIGH  GRP^S  ■rfc !GHT 


ROW 

Mf.nE  q 

io 

MOO*  ll 

12 

Hpr*E  13 

•*90=  16 

MPDr  15 

115 

.0069 

-.0976 

.0395 

-.0039 

.0289 

.0173 

.0586 

.0521 

116 

.0056 

-.0206 

-.0307 

-.0058 

.0165 

.0366 

.0711 

.0082 

117 

-.0006 

.0862 

-.1059 

-.0031 

-.0367 

.0317 

.0655 

-.0616 

118 

-.0039 

.09e0 

-.1276 

.0017 

-.0831 

.0622 

.0156 

-.0653 

119 

-.0103 

.1163 

-.0726 

.0131 

-.103? 

.0667 

-.0659 

-.0131 

120 

-.0223 

.0726 

.0086 

.0203 

-.0560 

• 036c 

-.0665 

.0106 

121 

-.0606 

.0206 

.0783 

.0196 

-.0073 

.0186 

-.0566 

.0263 

122 

-.0562 

-.0070 

.1336 

.0200 

.0321 

.0032 

-.0512 

.05  70 

123 

-.0836 

-.0716 

.1870 

.0161 

.0868 

-.0191 

-.022*» 

.0766 

126 

-.1268 

-.1687 

.2707 

.0067 

.1723 

-.0539 

.0267 

.1133 

125 

-.1711 

-.2761 

.3656 

-.0010 

.2762 

-.0965 

.0872 

.1710 

126 

-.1956 

-.3326 

.6166 

-.0050 

.3329 

-.1166 

.1202 

.2068 

127 

-.2270 

-.6051 

.6816 

-.0101 

.6056 

-.1650 

.1627 

.2525 

128 

-.2572 

-.6752 

.5632 

-.0151 

.6763 

-.1717 

.2036 

.2910 

129 

.0037 

-.0653 

.0650 

-.0013 

.0136 

.0026 

•02R6 

.0666 

130 

.0063 

-.1005 

.0885 

-.0028 

.0267 

.0062 

.0655 

.0856 

131 

.0062 

-.0582 

.0700 

-.0023 

.0206 

.0069 

.0225 

.0791 

132 

.0071 

-.1198 

.1255 

-.0063 

.0361 

.0119 

.0361 

.1016 

133 

.0088 

-.2625 

.2990 

-.0076 

.0663 

.0239 

-.0706 

.0112 

136 

.0066 

.0192 

.0622 

-.0068 

.0102 

.0268 

.0273 

.0079 

135 

.0005 

.1097 

-.0163 

-.0055 

-.0230 

.0221 

.0256 

-.0212 

136 

.0036 

.0665 

.0962 

-.00  79 

.0036 

.0203 

-.0091 

.0052 

137 

-.0005 

.1573 

.0362 

-.0065 

-.0299 

.0158 

-.0091 

-.0763 

138 

-.0115 

.2720 

-.0719 

.0050 

-.1067 

-.0058 

-.0873 

.0010 

139 

-.0118 

.1689 

.1065 

.0312 

-.0616 

.0130 

-.1558 

.1561 

160 

-.0260 

.1071 

.1697 

.0359 

.0076 

.0061 

-.160? 

.1630 

161 

-.0755 

.0006 

.2373 

.0253 

.1102 

-.0635 

-.1027 

.227  3 

162 

-.1206 

-.1066 

.3790 

.0166 

.2086 

-.0366 

-.0509 

.2923 

163 

-.1703 

-.2193 

.6816 

.0080 

.3238 

-.1307 

.0160 

.3766 

166 

-.2252 

-.3468 

.5987 

-.0006 

.6602 

-.1853 

.039° 

.5036 

165 

-.2736 

-.6523 

.7090 

-.0073 

.5931 

-.2397 

.1578 

.6783 

166 

-.3100 

-.5363 

.7883 

-.0127 

.6868 

-.2775 

.2086 

.7806 

167 

.0105 

-.6565 

.5603 

-.0105 

.1065 

.0316 

-.2150 

-.0369 

168 

-.0239 

.5751 

-.0100 

.0060 

-.1176 

-.1066 

-.?ou 

.0663 

169 

-.0226 

. 1571 

.2586 

.06  88 

.0311 

-.0086 

-.2131 

.30  26 

150 

-.096? 

-.0181 

.3796 

.0258 

.1701 

-.0757 

-.1160 

.3337 

151 

-.1696 

-.1916 

.5362 

.0126 

.3655 

-. 1676 

-.0216 

.6730 

152 

-.2607 

-.3966 

.7377 

-.0011 

.5856 

-.2652 

.1057 

.7526 

REPRODUCIBILITY  OF  THfl 
PAGE  IS  POOR 


TABLc  11-6 


A !0DL  ANC 


* 


VI  HP AT 106  S«APP6 


F ! N At  STT  cFMcrS  r F ^ T GN 


A^TISVMMpro  jc  , Hir.u  G»~*$  WEIGHT 


P^W 

Mrjne  g 

MOOF  10 

«9rF  11 

r«n~,F  j 2 

yn<^  = 

*nnc 

Mr'f'c 

vnnc  if, 

153 

-.3335 

-.5553 

.9012 

-.0114 

.7821 

-.3253 

.2081 

1.0000 

154 

-.0262 

-.178? 

-.4160 

-.0089 

-.1364 

.1386 

.2521 

-.4384 

155 

-.0352 

-.1849 

-.3822 

-.0087 

-.1310 

.1358 

.2414 

-.455? 

156 

—.0*65 

-.1C'.-’ 

-.3364 

-.ooe6 

-.1165 

. 1277 

.2302 

-.4609 

157 

-.0595 

-.2118 

-.2844 

-.0090 

-.0939 

. 1156 

.2218 

-.4567 

158 

-.0735 

-.2321 

-.2282 

-.009a 

-.0655 

. 100a 

.2165 

-.4463 

155 

-.0014 

- .25c? 

-.1631 

-.01  12 

-.0272 

.0314 

.2150 

-.4251 

150 

-.1119 

-.2933 

-.0517 

-.0133 

.0  205 

.0580 

.2194 

-.3945 

161 

-.135« 

-.3344 

-.0101 

-.01 58 

.0800 

.0294 

.2280 

-.3456 

162 

-.1604 

-.3770 

.07?  0 

-.0183 

.1430 

-.0004 

.2394 

-.2886 

163 

-.1915 

-.4313 

.1746 

-.0212 

.2  26° 

-.0389 

.2563 

-.2021 

164 

.0104 

.0221 

.0800 

-.0002 

-.0022 

-.0384 

.0011 

.00  50 

165 

.0198 

• 063° 

.1149 

.0015 

-.0022 

-.0560 

-.0462 

.9P2  6 

166 

.0  550 

.1785 

.1733 

.0451 

.0033 

-.0271 

-.0°69 

.1570 

167 

.1  173 

.3726 

.351  l 

.2384 

.1926 

.1715 

.0678 

.0697 

16  9 

.1  7«0 

.5716 

.5434 

.4573 

.4165 

.4041 

.3264 

-.06  76 

1 1)9 

.2495 

.8086 

.7775 

.7299 

.700? 

.6987 

.6404 

-.2624 

170 

.0075 

.0067 

.0669 

-.0009 

-.0062 

-.0331 

.0121 

-.0220 

171 

.0142 

.0413 

.100° 

-.0044 

-.0082 

-.0572 

-.0395 

• 05  58 

172 

.0495 

. 1 561 

.1699 

.0443 

.0107 

-.0253 

-.0779 

.1346 

173 

.0098 

.0106 

.0996 

.0025 

.0038 

-.0452 

-.0088 

.0149 

174 

.0381 

.1100 

.1617 

.0421 

.0243 

-.0221 

-.0402 

.0887 

175 

.1039 

.3226 

.3347 

.2207 

.1890 

. 1551 

.0983 

.0474 

176 

.1712 

.5462 

.5356 

.44  91 

.4159 

. 3968 

.3337 

-.0812 

177 

.0123 

.0116 

.1374 

.0062 

.0209 

-.0568 

-.0251 

.^553 

1 79 

.0755 

.2164 

.2996 

.1331 

.1813 

. 1204 

.1206 

-.0012 

1 79 

.1  504 

.4685 

.5103 

.4226 

.4119 

.3725 

.3531 

-.1205 

190 

.2126 

.6796 

.6  = 32 

.6349 

.6214 

.6003 

.5745 

-.2465 

181 

.2774 

.9000 

.8842 

.9588 

.9432 

.8419 

.8112 

-.3838 

192 

.0651 

.1777 

.3490 

.2398 

.2  737 

.1855 

.2621 

-.1286 

193 

.1145 

.3344 

.4628 

.3694 

.3948 

.3214 

.3711 

-.1745 

It  . 

.1962 

.6180 

.6750 

.6159 

.6213 

.53  36 

.5943 

-.2818 

185 

.2323 

.7437 

.7685 

.72  45 

.7209 

.6992 

.6919 

-.3282 

1*6 

.0800 

.2399 

.4253 

.3269 

.3754 

.2791 

.3/32 

-.2030 

187 

.17.M 

.5289 

.6442 

.5819 

.6119 

.5511 

.6093 

-.3209 

190 

.2500 

.8339 

.8741 

.8513 

• 8614 

. 9397 

.869  1 

-.446? 

l a c 

.3077 

l .0000 

1.0000 

1.OQ00 

1.0000 

1.0000 

l .0000 

-.5200 

190 

.6  878 

.0127 

.1894 

.0103 

.0351 

-.0511 

-.1237 

.1541 

632 


TABLE  11-6  APPLAWC  VIBE Ar jnNj  *03E  SHAO«=c  , cTNAl  STifFnc<;S  OESICA' 


ANTISYMMETRIC  , HlfH  GPO<5 

ROW  Yopc  9 »*r;OE  10  M^pp  11  Mor>F  |2 
191  1.0000  -.1099  -.1818  -.0200 

lQ?  .0001  -.0006  -.0022  -.0001 

193  .0001  .0050  .0318  -.0010 

194  -.0044  -.0005  -.0095  .0001 

195  -.0000  -.0000  -.0000  .0000 

196  -.0000  .0003  .0012  -.0001 

197  -.0000  .0003  .0012  -.0001 

198  -.0000  .0002  *.0912  -.0001 

199  -.0000  .000?  .0012  -.0001 

200  -.0000  .0003  .0012  -.0001 

201  .0154  -.2381  -.4670  .0052 

202  .0073  -.1485  -.2986  .0037 

203  .0010  -.0321  -.1749  .0027 

204  -.0045  -.0309  -.0818  .0021 

205  -.0120  .0185  -.0012  .0026 

206  -.0000  .0004  .0012  -.0001 

207  -.0000  .0004  .0012  -.0001 

208  -.0000  .0004  .0012  -.0001 

200  -.0000  .0003  .0011  -.0001 

210  -.0000  .0003  .0011  -.0001 

211  -.0000  .0003  .0011  -.0001 

212  -.0000  .0003  .0010  -.0001 

213  -.0000  .0003  .0009  -.0000 

214  -.0000  .0002  .0007  -.0000 

215  -.0000  .0002  .0006  -.0000 

216  -.0000  .0001  .0004  -.0000 

217  -.0000  .0001  .0003  -.0000 

218  -.0000  .0000  .0002  -.0000 

219  .noon  .0000  .0001  .0000 

220  .0000  -.0000  .0001  .0000 

221  .0000  .0000  .0002  .0000 

222  .0000  .0000  .0003  -.0000 

223  .0001  .0001  .0005  -.0000 

224  -.0140  .0227  .0018  .0030 

225  -.0160  .0204  -.0093  .0037 

226  -.0170  .0149  -.0239  .0042 

227  - .0 16r  .0076  -.0385  .0044 

228  -.0158  .0014  -.0466  .0041 


WEIGHT  > 

W'np  13  MODE  14  MCPF  15  vpnr 
-.0226  .0012  .1025  -.1164 

-.0008  .0006  .0012  -.0073 

-.0031  -.0163  .0413  .0026 

-.0021  .0163  -.0040  .0003 

.0003  .0000  -.0000  -.0000 

-.0004  .0005  .0014  .0011  ; 

-.0004  .0005  .0014  .0011 

-.0004  .0005  .0014  .0011 

-.0004  .0005  .0014  .0010  j 

-.0004  .0005  .0014  .0010  ! 

.0308  -.0649  .0274  -.0251 

.0177  -.0246  -.0055  -.0084 

.00«S  .0050  -.0308  .0026 

.0024  .0281  -.0534  .0090 

-.0005  .0547  -.0919  .niop 

-.0004  .0005  .0013  .0010 

-.0004  .0005  .0013  .0010 

-.0004  .0005  .0013  .0009 

-.0003  .0005  .0013  .0008 

-.0003  .0004  .0012  .0007  ■ 

-.0003  .0004  .0010  .0006 

-.000?  .0003  .0008  .0005 

-.0002  .0003  .0006  .0004 

-.000?  .0002  .0005  .OO03 

-.0001  .0002  .0003  .0003 

-.0001  .0001  .0002  .0003 

-.0000  .0000  .0002  .0004 

.0000  .0000  .0001  .0004 

.0000  -.0000  .0031  .0005 

.0000  -.0000  .0002  .0306 

.0000  -.0000  .0002  .0007  ' 

.0000  -.0000  .000?  .0308 

.0000  -.0001  .0003  .0009 

.0002  .0605  -.1018  .0108 

.0024  .0638  -.1105  .0090 

.0047  .0615  -.1098  .0054 

.0066  .0544  -.0995  .0011 

.0071  .0449  -.0811  -.0006 


TABIC  11-6 


p-,w 

2?9 
2 30 
231 
23? 
233 
2.34 

235 

236 
2 >7 

23  8 

239 

240 

241 

24  2 

243 

244 

245 

246 

247 
24b 
249 
2 50 
251 
25? 

253 

254 

255 

256 

257 
25B 
259 
2 6 0 


AIPDLANP  VI«C/.TI0\  vo)i 


ANTI  SVMMCtp  ic  , HI  OH  r,cn<;<;  w 


••roc  9 

vtonf  m 

Mror  il 

12 

-.0139 

-.0027 

-.04/3 

.0036 

-.0118 

-.0047 

-.0419 

.0028 

-.^0^5 

-.0050 

-.0332 

.0022 

.0072 

-.004? 

-.0230 

.0017 

-.o049 

-.0027 

-.0129 

. 00  L 3 

-.0027 

-.0012 

-.0036 

.0010 

-.0006 

.0005 

.0048 

.0007 

.non 

.0019 

.0112 

.0004 

.0028 

.0035 

.0184 

.0001 

.0048 

.004  7 

.0261 

-.0003 

.0066 

.0058 

.0341 

-.0007 

.0081 

.0067 

.0436 

-.0011 

.0078 

.0077 

.0444 

-.0015 

.0001 

.0002 

.0007 

-.noco 

.0001 

.0003 

.0011 

-.oooo 

.0001 

.0003 

.001 1 

-.0000 

.0001 

.0003 

.0011 

-.0000 

.0048 

.0023 

.c254 

-.0016 

-.0155 

-.0654 

-.1544 

.0020 

-.0337 

-.1348 

-.3381 

.0066 

-.0565 

-.2237 

-.5733 

.0127 

.0001 

.0003 

.0012 

-.0000 

-.0001 

-.0005 

-.0014 

.0000 

.0094 

.03  76 

.0967 

-.0026 

-.0426 

-.1698 

-.4286 

. 00B9 

. 007P 

.0233 

.0857 

-.0018 

.0001 

.0003 

.0011 

-.0000 

-.0001 

-.0005 

-.0012 

.0000 

-.0442 

-.1656 

-.4507 

.0088 

-.0092 

.0043 

-.0219 

.0022 

-.0030 

-.0207 

-.0361 

-.0006 

.0  >01 

.0003 

.001  0 

-.O'JOO 

SHAOCC  f CTIf-pvr^j;  >*p^jr,\ 


Eir-Nt 


M^nc  13 

M'-’OE  14 

8f!jr  15 

von;  j 

.0064 

.0349 

-.0507 

-.0005 

.0050 

.0253 

-.0371 

-.0017 

.0039 

.0152 

-.0216 

-.0075 

.0036 

.0045 

-.0132 

-.0168 

.0038 

-.0058 

-.009  1 

-.0247 

.0038 

-.0146 

-.0040 

-.0258 

.0034 

-.0212 

.0024 

-.0240 

.0026 

-.0255 

.0086 

-.0218 

.0023 

-.0283 

.0147 

-.0164 

.0014 

-.0300 

.0207 

-.0139 

-.0000 

-.0303 

.0245 

-.0204 

-.0007 

.0335 

.0268 

-.0257 

-.0022 

-.0386 

.0353 

-.0503 

.0  000 

-.0002 

.0005 

.0009 

-.0000 

~.00°3 

.0007 

.0010 

-.0000 

-.0003 

.0008 

.oou 

-.0000 

-.0003 

.000  8 

.001! 

-.0034 

-.0399 

.0422 

-.0808 

. 0040 

.0030 

.002  p 

-.046° 

.0 

.0590 

-.0706 

.0514 

.0292 

.1350 

-.1738 

.2068 

-.0000 

-.0003 

. 000c 

.0013 

.0001 

.0004 

- .000c 

.0012 

-.0064 

-.0318 

.0398 

-.0806 

.0206 

.0887 

-.10«8 

.1223 

-.0012 

-.0229 

.0606 

.0903 

-.0000 

-.0003 

.0008 

.0011 

.0001 

.0004 

- .0004 

.00  08 

.0162 

.0876 

-.1448 

-.0577 

-.0004 

.0455 

- .0763 

.0  1 10 

-.0017 

-.0284 

.0330 

-.0835 

-.0000 

-.0002 

.0006 

.000° 

634 


1 


\ M 


T A8L  c li-6  A I P PL  ANC  VIBRATION  mqoE  SHAPES  . PfUAL  STIEPN^SS  ^STON 


ANTI SYMMcT» |C 


HIGH  Gc  ocS  Hc I GHT 


nw 

MOD*  17 

ynop  18 

MPO*  19 

moi-jc  2<. 

1 

.1171 

-.1310 

-.0163 

-.0163 

2 

.0879 

-.0468 

-.0061 

-.0040 

3 

-.0227 

.00*6 

.0037 

.0064 

4 

.0045 

-.0017 

.0004 

-.0001 

5 

,0001 

.0017 

.0005 

.0002 

6 

-.0003 

.0003 

.0000 

.0000 

7 

.2008 

-.1469 

-.0315 

-.0004 

8 

,09«fl 

-.0667 

-.0201 

.0177 

9 

-.0293 

.0013 

-.0188 

.0156 

10 

.0051 

-.0013 

.0005 

.0002 

11 

.0003 

.0019 

.0010 

-.0001 

12 

-.0001 

-.0003 

-.0002 

.0001 

13 

-.1731 

-.2595 

-.0269 

-.0426 

14 

- . 3 1 RT 

-.2693 

.0271 

-.0133 

15 

.0195 

.3173 

.0071 

.0347 

16 

-.0259 

-.2560 

-.0117 

-.0390 

17 

-.0136 

-.3052 

-.1209 

-.0050 

18 

.1755 

-.3700 

-.3337 

-.0317 

19 

.2118 

-.4070 

-.3605 

-.0769 

20 

.1815 

-.4005 

-.4550 

-.0258 

21 

.1315 

-.6210 

-.5900 

.0922 

22 

-.1353 

-.1950 

-.0213 

-.0324 

23 

-.1692 

-.2421 

-.0074 

-.0315 

?4 

-.2198 

-.2556 

.0079 

-.0244 

25 

-.2725 

-.2328 

.0241 

-.0113 

26 

-.2547 

-.1154 

.0317 

.0088 

27 

-.1558 

.0858 

.0302 

.0318 

28 

- .0281 

.2436 

.0212 

.0418 

29 

.0509 

.2963 

.0114 

.0380 

30 

.1012 

.2291 

-.0044 

.0128 

31 

.0539 

.0005 

-.0136 

-.0214 

32 

-.0959 

-.1274 

-.0152 

-.0217 

33 

-.1274 

-.1779 

-.0040 

-.0225 

34 

-.1676 

-.2036 

.0061 

-.0198 

35 

-.2221 

-.1940 

.0208 

-.0092 

36 

-.2130 

-.1052 

.0266 

.0063 

37 

-.1286 

.0754 

.0256 

.02  72 

38 

-.0242 

.2150 

.0187 

.0372 

T" — 


ARLC  li-6  A TP°L  ANF  VJ8RAT!0N  «n)E  SHAPES 


» 


PINAL  ST!  FPvtTSS  DESIGN 


4IVTI svywcrp IC  f HIGH  GROSS  WEIGHT 


" r*w 

vn?r  17 

MODc  18 

wnpr  JQ 

2 ) 

39 

.0554 

.2810 

.0099 

.036  ) 

40 

.1004 

.2158 

-.0044 

.01  16 

41 

.0433 

-.0138 

-.0127 

-.0223 

4? 

-.0376 

-.2461 

-.0082 

-.0354 

43 

-• 1 02P 

-.3600 

-.0072 

-.0263 

44 

-.0930 

-.3470 

-.0281 

-.0127 

45 

-.0199 

-.2681 

-.1010 

-.0026 

46 

.0449 

-.2407 

-.1620 

-.0055 

47 

.1113 

-.2815 

-.2436 

- . 01 66 

48 

.1487 

-.3029 

-.2795 

-.02  34 

49 

• 1681 

-.3072 

-.2818 

-.0471 

50 

.1783 

-.3058 

-.2759 

-.0632 

51 

.1830 

-.3053 

-.2714 

-.0757 

52 

.1335 

-.3093 

-.2711 

-.0832 

53 

.1780 

-. 3204 

-.2799 

-.0814 

54 

.1678 

-.3463 

-.3064 

-.0664 

55 

.I486 

-.3823 

-.3456 

-.03  30 

56 

.1250 

-.4280 

-.3961 

.01'  " 

57 

.0905 

-.4928 

-.4703 

.0' 

5P 

.0523 

-.5561 

-.5444 

.1786 

59 

-.1351 

-.1713 

.0036 

-.01 77 

60 

-.1573 

-.1565 

.0148 

-.0093 

61 

-.1211 

-.0575 

.0171 

.0058 

62 

-.1671 

-.0590 

.0238 

.0103 

63 

-.034^ 

.0539 

.0089 

.0138 

64 

-.0660 

.1297 

.0192 

.0293 

65 

.0385 

. 1356 

.0015 

.0185 

66 

.0536 

.2504 

.0071 

.0341 

67 

.0419 

.06fc? 

-.0041 

.0023 

63 

.0677 

-.0028 

.0058 

69 

.1051 

. cOf’h 

-.0033 

.0124 

70 

.0695 

- .1153 

.031 1 

.0041 

71 

.0057 

.00  74 

-.0003 

-.0073 

72 

.0378 

-.0037 

-.0128 

-.0239 

73 

.0097 

-.0^37 

-.0039 

-.0021 

74 

.0828 

-.0483 

-.0112 

-.0135 

75 

-.0o21 

-.1521 

.0005 

-.0217 

76 

-.0436 

-.2243 

-.0052 

-.0329 

636 


AR!.  c 11-6 


AIPPLAMF  V I BP  AT  I DM  MDDF  SHAPE* 


* 


FINAL  ST!PFNcS$  DESIGN 


ANT  I SYM^c  TR I C . HIGW  G^OS*  WEIGHT 


ROW 

M00c  17 

MOOT  18 

MODE  19 

MODE  ?>' 

77 

-.0114 

-.0121 

-.0008 

-.0009 

78 

-.0407 

-.0559 

.0040 

-.0031 

79 

-.080? 

-.1483 

.0099 

-.0090 

80 

-.1007 

-.2701 

.0068 

-.0183 

81 

-.0161 

-.0001 

.0117 

.0063 

82 

-.0443 

-.0230 

.0226 

.0094 

83 

-.0748 

-.0906 

.0222 

.0049 

84 

-.1002 

-.2038 

.0150 

-.0013 

85 

-.1025 

-.3129 

-.0137 

-.0100 

86 

-.0482 

.0050 

.0359 

.0177 

87 

-.0668 

-.0594 

.0251 

.0152 

88 

-.0  546 

-.1650 

-.0263 

.0067 

89 

.0080 

.0822 

.0281 

.0197 

90 

-.01*6 

.1134 

.0482 

.02  37 

91 

-.0276 

.1153 

.0527 

.0297 

92 

-.0471 

.0801 

.0423 

.0228 

93 

-.01P0 

.0269 

-.0098 

.0089 

94 

.0390 

-.1101 

-.1035 

-.0043 

95 

.0274 

-.0359 

-.0551 

-.0035 

96 

.0364 

-.1216 

-.1287 

-.0291 

97 

.1273 

-.1808 

-.1713 

-.0506 

98 

.1518 

-.2199 

-.1381 

-.0694 

09 

.1281 

-.14  15 

-.1224 

-.oe9i 

100 

.0711 

-.1250 

-.1037 

-.0459 

101 

.0573 

-.2693 

-.2517 

.0356 

102 

.93»1 

-.4123 

-.4019 

.1310 

103 

.0590 

.1446 

.0182 

.0225 

104 

.0  13P 

. 1965 

.0475 

.0343 

105 

-.0170 

.1829 

.0561 

.0325 

106 

-.0516 

.1777 

.0621 

.02  32 

107 

.0013 

.0928 

.0254 

.002  7 

108 

.0  322 

.0749 

.0289 

-.0239 

109 

.0593 

.0671 

.0514 

-.0663 

110 

.0  740 

.0299 

.0428 

-.0990 

111 

.0762 

-.0231 

-.0041 

-.0892 

112 

.0640 

.0900 

-.0015 

.0101 

113 

.0532 

.1550 

.0125 

.0207 

114 

.0005 

.1990 

.0377 

.0309 
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TJBI  C 11-6  MPPIAMF  VI9P*.TnM  MOOF  SHAPES  » plNAL  STIpp\,"c<;  '"-SIGN 


\ 

AMI  SYMME  TR  Tf  » HIGH  G»',CF 

; P^W  «00c  17  MCne  l«  MOD-  19  M00f  2) 
; 115  -.0700  .1803  .0485  .0290 

f 116  -.0586  .2 144  .0698  .0268 

f 117  -.0755  .1771  .04^7  .01r9 

118  -.0200  .1286  .0513  .00*>9 

119  .0242  .2127  .1892  -.0562 

f 120  .0010  .337?  .3253  -.1176 

| 121  -.0144  .3426  .3380  -.1311 

i 122  -.0249  .3408  .7390  -.1229 

I 123  -.0300  .2636  .?o45  -.0»pl 

I 124  -.0402  .1162  .1160  -.0099 

I 125  -.0559  -.0774  -.0844  .1080 

f 126  -.0661  -.1869  -.1992  .1706 

t 127  -.0792  -.3290  -.3485  .2724 

I 128  -.0894  -.4647  -.4898  .7565 

f 129  .0707  .1755  .0141  .0253 

\ 130  .0275  .2611  .0425  .0420 

* 131  .0860  .2331  .0216  .0355 

i 132  .0415  .3292  .0522  .0543 

I 133  -.0247  .0143  .0021  .0064 

l.  134  -.1011  .2973  .0911  .0400 

I 135  -.1377  .3202  .0907  .0466 

| 136  -.150°  .4195  .1244  .0613 

| 137  -.1979  .4449  .1248  .0689 

138  -.0100  .0146  .0045  .0087 

l 139  -.064c  .6030  .577 2 -.1540 

| 140  -.0764  .6369  .6260  -.1869 

f 141  -.0972  .4921  .4815  -.1046 

{ 142  -.1205  .3487  .3345  -.0070 

143  -.1483  .1416  .1160  .1411 

144  -.1926  -.1210  -.1696  .3615 

145  - .2  6r  5 -.3708  -.4539  .6342 

146  —.2967  —.5510  —.6536  .8037 

147  -.0256  -.2317  -.0582  -.0241 

I 148  -.0323  -.2565  -.1489  .0307 

149  -.1440  l . 0000  1.0000  -.2817 

150  -.1423  .5379  .5207  -.0667 

151  -.1919  .2482  .2140  .1548 

! 152  -.2962  -.2071  -.2950  .6054 
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T A8L  c 11-6 
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A I P PI.  ANf  VIBRATION  MOOF  SHAPFS 


FINAL  ST  I RFN1*  S$  r>FSIGN 


ANTISvMMPTc  If.  , HIGH  GROSS  WRIGHT 


o :w 

viorc  17 

MOOR  18 

MOOP  19 

wonp  20 

153 

-.3898 

-.5827 

-.7197 

1.0000 

154 

.1676 

-.3468 

-.3151 

-.0318 

155 

.185? 

-.3561 

-.3232 

-.0460 

156 

.1964 

-.3606 

-.3241 

-.0610 

157 

.2011 

-.3651 

-.3247 

-.0723 

158 

.2019 

-.3727 

-.3291 

-.0792 

159 

.1970 

-.3879 

-.3424 

-.0770 

160 

.1874 

-.4175 

-.3724 

-.0619 

161 

. 1 700 

-.4587 

-.4167 

-.0284 

16? 

.1493 

-.5078 

-.4708 

.0169 

163 

.1172 

-.5764 

-.5493 

.0922 

1 64 

-.1268 

.0208 

-.0283 

.0009 

165 

-.205? 

.1292 

.0623 

-.0010 

166 

-.2566 

.3006 

.2323 

-.0336 

167 

-.0714 

. 1954 

.1783 

-.0246 

1 6 B 

.1953 

-.0014 

.0498 

-.0023 

169 

.5627 

-.2947 

-.1522 

.0330 

170 

-.1145 

-.0150 

-.0572 

-.0015 

171 

-.1 969 

.0891 

.0262 

-.0006 

172 

-.2470 

.2534 

.1886 

-.0280 

173 

-.1350 

.0196 

-.0313 

-.0037 

174 

-.2271 

.1578 

.1002 

-.0173 

175 

-.0823 

.1347 

.1163 

-.01 71 

176 

.1915 

-.037? 

.0139 

.0022 

177 

-.2592 

.0545 

-.0033 

-.0055 

178 

-.1042 

.0034 

-.0157 

-.0010 

179 

.1755 

-.1427 

-.0932 

.0153 

180 

.4575 

-.3117 

-.1938 

.0359 

181 

.7658 

-.4974 

-.3052 

.0537 

18? 

-.0226 

-.2650 

-.2583 

.0310 

133 

.1295 

-.2994 

-.2569 

.0347 

l«4 

.4497 

-.4040 

-.2863 

.04  75 

185 

.5916 

-.4477 

-.2966 

.0528 

186 

.0853 

-.3909 

-.3562 

.0457 

187 

.4211 

-.5156 

-.4024 

.0614 

188 

.7879 

-.6445 

-.4451 

.0775 

189 

1.0000 

-.7246 

-.4755 

.0878 

190 

-.2354 

.4387 

.3904 

-.1136 

I 


TABLE  li-6  AIRPLANE  VIBRATION  MODE  SHAPES  » FINAL  STIFFNESS  OFSION 
ANTISYMMFTRIC  « HIGH  GROSS  WEIGHT 


ROW 

MODE  17 

MOPE  18 

MODF  19 

MOPE  20 

191 

.1010 

-.36  76 

-.3432 

.1012 

192 

.0010 

-.0034 

-.0033 

.0005 

193 

.0753 

.0295 

-.0177 

-.0060 

194 

.2069 

-.0400 

.0299 

.0005 

l 95 

.0000 

• 0000 

.0000 

-.0000 

196 

• 0006 

-.0022 

-.0002 

-.0004 

197 

.0008 

-.0022 

-.0002 

-.0004 

198 

.0007 

-.0021 

-.0002 

-.0004 

199 

.0007 

-.0021 

-.0002 

-.0004 

200 

• 0006 

-.0020 

-.0002 

-.0004 

201 

• 7 04  3 

-.1053 

.2050 

.0563 

202 

.1365 

-.0232 

.0513 

.0140 

203 

-.2399 

.0289 

-.0436 

-.0113 

204 

-.4320 

.0593 

-.0922 

-.0220 

205 

-.6732 

.0708 

-.0866 

-.0157 

206 

.0006 

-.0020 

-.0002 

-.0004 

207 

.0006 

-.0020 

-.0002 

-.0004 

20r 

.0009 

-.0019 

-.0002 

-.0004 

209 

.0014 

-.0017 

-.0002 

-.0003 

210 

.0011 

-.0014 

-.0003 

-.0003 

211 

.0004 

-.0010 

-.0004 

-.0003 

212 

-.0001 

-.0006 

-.0004 

-.0003 

213 

-.0004 

-.0003 

-.0004 

-.0002 

214 

-.0004 

-.0001 

-.0004 

-.0002 

215 

-.0003 

.0002 

-.0004 

-.0001 

216 

.0000 

.0004 

-.0004 

-.0001 

21T 

.0004 

.0005 

-.0003 

-.0001 

215 

.0010 

.0006 

-.0003 

-.0000 

219 

.0015 

.0007 

-.0004 

-.0000 

220 

.0021 

.0010 

-.0005 

-.0000 

221 

.0026 

.0013 

-.0007 

-.0000 

222 

.0030 

.0017 

-.0009 

-.0000 

223 

.0037 

.001° 

-.0010 

-.0000 

224 

-.6726 

.0588 

-.0601 

-.0068 

225 

-.6013 

.0345 

-.0099 

.0089 

226 

- .449c 

.0064 

.0412 

.0229 

227 

-.2507 

-.0208 

.0837 

.0329 

228 

-.0756 

-.0425 

.1051 

.0354 

! 
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TAPI  r 11-6 


AIRPIAN'V  VIBRATION  MOOF  SHAPFS  , FINAL  STJFFNFSS  OFS1GN 


1 » 


% 
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ANT] SYMMPTKIC  , HIGH  GROSS  WFIGHT 


P nW 

MOPE  17 

MODF  18 

vnrE  19 

MHOf  20 

229 

.0550 

-.0573 

.1091 

.0326 

230 

.1391 

-.0611 

.1016 

.0277 

231 

• 1313 

-.0495 

.0863 

.0225 

23? 

• 1 883 

-.0295 

.0668 

.0171 

233 

. ) 638 

-.0143 

.0471 

.0114 

234 

.1118 

-.0137 

.0298 

.0053 

? 35 

• 04*. 

-.0221 

.0177 

.0009 

236 

-.0258 

-.0351 

.0132 

-.0008 

237 

-.0762 

-.0362 

.0096 

-.0005 

23P 

-.1328 

-.0306 

.010: 

.0022 

2 39 

-.1895 

-.0254 

.0156 

.0054 

240 

-.2254 

-.0218 

.0206 

.0073 

24  1 

-.238? 

-.0768 

.0575 

.0098 

24? 

.0048 

.00?0 

-.0010 

-.0000 

243 

.0069 

.0022 

-.0012 

-.0001 

244 

,00«0 

.0025 

-.0014 

-.0001 

245 

.0082 

.0025 

-.oo: 4 

-.0001 

2 46 

-.2232 

-.1598 

. 1 1 ? 1 

.0128 

247 

-.0644 

- . 1?98 

.1005 

.0104 

24G 

-.u?U 

.0923 

-.0490 

-.0017 

249 

.0475 

.4656 

-.3052 

-.0226 

250 

.0090 

.0031 

-.0018 

-.0001 

251 

.0015 

.0028 

-.0019 

-.0002 

252 

-.1059 

-.1926 

. l?9l 

.0103 

253 

,0552 

.2624 

-.1638 

-.0110 

254 

.67RR 

.2137 

-.1188 

-.0079 

255 

.0079 

.0024 

-.0013 

-.0001 

256 

.0011 

.0019 

-.0012 

-.0001 

257 

-.7960 

-.1593 

.0911 

.00  76 

25P 

-.6222 

• 0719 

-.1006 

-.0220 

259 

-.1219 

-.1925 

.1384 

.0138 

260 

.0061 

.0020 

-.001 1 

-.0001 

TABLF  11-6  AIBPLAMC  VI3RATT0M  MODE  SHAPE**  , FIMAl  STIFFNESS  PE*  TGN 


ANTISVM»»ctric  ♦ LCW  GROSS  WEIGHT 


mw 

MODP  1 

mpoe  2 

MODE  3 

MODE  4 

Mnnp  5 

MODE  6 

MCOF  7 

MCDE  1 

l 

.0000 

-.00*  ♦ 

.1252 

.0798 

.0088 

-. 1241 

.0254 

.0365 

2 

1.0000 

.0654 

-.2953 

-.1914 

-.0255 

.1743 

• 1162 

-.1963 

3 

.0000 

.3203 

.005  8 

-.0036 

-.0618 

-.2905 

.2496 

-.0382 

4 

.0000 

.0013 

.0000 

-.0002 

-.0002 

.0008 

.0007 

-.0015 

5 

.0000 

.0000 

-.0000 

-.0000 

-.0002 

.0017 

-.0017 

• 0001 

6 

.0000 

.0000 

-.0005 

-.0003 

-.0000 

.0005 

.0001 

-.0003 

7 

.0000 

-.0075 

.2142 

.1334 

.0396 

-.1513 

-.0032 

•0802 

8 

1.0000 

.0434 

-.3038 

-.1974 

.0002 

.2529 

.0191 

-.1781 

9 

.0000 

.5478 

.0099 

-.0236 

.0389 

-.2013 

.2156 

-.0259 

10 

. 0000 

.0013 

.0000 

-.0003 

.0003 

.0026 

-.0014 

-.0013 

il 

.0000 

.0000 

-.0000 

.0000 

-.0010 

.0015 

-.0020 

-.000? 

12 

.0000 

.0000 

-.0005 

-.0003 

.0000 

.0004 

.0001 

-.0003 

13 

.0000 

.2111 

.0038 

.0149 

-.1329 

.1324 

--1225 

.2546 

14 

.0000 

.308T 

.0056 

.0100 

-.1930 

.1596 

-.2196 

• 3364 

15 

.0000 

.4378 

.0079 

-.0102 

-.2604 

• 1766 

-.3211 

.3219 

16 

.0000 

.5505 

.0099 

-.0061 

-.2820 

.1407 

-.3346 

• 1858 

17 

.0000 

.6874 

.0124 

-.0080 

-.2081 

.0921 

-.2512 

.0014 

18 

.0000 

.7739 

.0140 

-.(311 

-.0534 

.1328 

-.2159 

-.0441 

19 

.0300 

.8742 

.0153 

-.0583 

• 1849 

.3137 

-.3154 

-.0177 

20 

.0000 

.9494 

.0171 

-.0807 

• 40*2 

• 5181 

-.4601 

.0228 

21 

.0000 

1.0000 

.0181 

-.0966 

.5674 

.6845 

-.5857 

.0560 

22 

.0000 

.1587 

.0029 

.0119 

-.0996 

.0993 

-.0916 

.1897 

23 

.0000 

.1970 

.0036 

.0109 

-.1232 

. 1115 

-.1264 

.2300 

24 

.0000 

.2269 

.0041 

.0099 

-.1417 

.1211 

-.1550 

.2564 

25 

.0000 

.2652 

.0048 

.0087 

-.1655 

.1359 

-.1885 

.2873 

26 

.0000 

.2934 

.0053 

• 0068 

-.1827 

.1452 

-.2148 

.3017 

27 

.000r; 

.3317 

.0060 

.0031 

-.2054 

.1564 

-.2493 

.3146 

28 

.0000 

.3617 

.0065 

-.0025 

-.2209 

.1602 

-.2721 

.3100 

29 

.0000 

.3897 

.0070 

-.0071 

-.2338 

.1620 

-.2884 

.3016 

30 

.0000 

.4318 

.0078 

-.0122 

-.2493 

. 15B3 

-.3056 

.2716 

31 

.0000 

.4732 

.0085 

-.0115 

-.2592 

.1467 

-.3130 

.2263 

32 

.0000 

.1041 

.0019 

.0087 

-.0651 

.0647 

-.0596 

. 1222 

33 

.0000 

.1452 

.0026 

.0084 

-.0904 

.0801 

-.0941 

.1668 

34 

.0000 

.1773 

.0032 

.0081 

-.1103 

.0934 

-.1206 

.1939 

35 

.0000 

.2184 

.0039 

, 3073 

-.1358 

.1105 

-.1548 

.2346 

36 

.0000 

.2486 

.0045 

.0061 

-.1543 

.1221 

-.1807 

.2544 

37 

.0000 

.2897 

.0052 

.0029 

-.1788 

.1!  4 

-.2165 

.2722 

38 

.0000 

.3242 

.0059 

-.00. 

-.1976 

• 1426 

-.2427 

.2763 

"Elastic  modes  start  at  "mode  4." 


642 


T&Bt E 11-6  ATPOLANF  VIBRATION  HOOF  SHAPES* 


ANTISYMMETRIC  » LCW  GRCSS  WEIGHT 


POW 

MO0e  l 

PPPE  2 

MODE  3 

MODE  4 

MDDE  5 

39 

.0000 

.3545 

.0064 

-.0062 

-.2122 

40 

.0000 

. 3908 

.0072 

-.0111 

-.2301 

41 

.0000 

.4452 

.0080 

-.0101 

-.2426 

42 

.0000 

.5011 

.0090 

-.0036 

-.2537 

43 

.0000 

.5571 

.0101 

• 0021 

-.2536 

44 

.0000 

.6022 

.0109 

.0011 

-.2391 

45 

.0000 

.6587 

.0119 

-.0076 

-.1955 

46 

.0000 

.6885 

.0124 

-.0145 

-.1582 

47 

.0000 

.7210 

.0130 

-.0227 

-.1032 

48 

.0000 

.7427 

.0134 

-.0290 

-.0556 

49 

.0000 

.7730 

.0140 

-.0367 

.0063 

50 

.0000 

.7992 

.0144 

-.0437 

.0658 

51 

.0000 

.8245 

.0149 

-.0507 

.1279 

52 

.0000 

.8491 

.0153 

-.0576 

.1917 

53 

.0000 

.8744 

.0158 

-.0650 

.2612 

54 

.0000 

.8990 

.0162 

-.0724 

.3331 

55 

.0000 

.9242 

.0167 

-.0801 

.4105 

56 

.ooon 

.9479 

.0171 

-.0874 

• 4856 

57 

.0000 

.9749 

.0176 

-. 0960 

.5744 

58 

.0000 

1.0000 

.0181 

-.1041 

.6584 

59 

.0000 

.14^2 

.0026 

.0073 

-.0901 

60 

.0000 

.1452 

.0026 

.0058 

-.0897 

61 

.ooco 

.1452 

.0026 

.0044 

-.0890 

62 

.0000 

.2032 

.0037 

.0049 

-.1254 

63 

.0000 

.1452 

.0026 

.0024 

-.0882 

64 

.0000 

.2576 

.0047 

.0016 

-.1580 

65 

.0000 

.1452 

.0026 

-.0.'07 

-.0862 

66 

.0000 

.2576 

.0047 

-.0033 

-.1543 

67 

.0000 

.1073 

.0019 

-.0034 

-.0605 

68 

.0000 

.2020 

.0036 

-.0058 

-.1154 

69 

.0000 

.3182 

.0057 

-.0087 

-.1832 

70 

.0000 

.1452 

.0026 

-.0339 

-.080° 

71 

.0000 

.2576 

.0047 

-.0014 

-.1406 

72 

.0000 

.3847 

.0069 

-.0085 

-.2097 

73 

.0000 

.1073 

.0019 

-.0001 

-.0535 

74 

.0000 

.2020 

.0036 

.0093 

-.1048 

75 

.0000 

.3182 

.0057 

.0029 

-.1610 

76 

.0000 

.4452 

.0080 

-.0018 

-.22 55 

• FINAL  STIFFNFSS  OF SIGH 


MPPE  7 
-.2615 
-.2916 
-.2919 
-.2980 
-.2886 
-.2667 
-.2264 
-.2031 
-.1846 
-.1603 
— ,lc4 1 
-.2134 
-.2397 
-.270C 
-.3106 
-.3576 
-.4126 
-.4690 
-.5389 
-.6061 
-.09#  3 
-.1015 
-.1034 
-.1474 
-.1052 
-.1«28 
-.1039 
-.1897 
-.0711 
-.1395 
-.2240 
-.1452 
-.1681 
-.2515 
-.0568 
-.1200 
-.1833 
-.2626 


'Elastic  modes  start  at  "mode  4." 


TABLC  11-6  AIRPLANE  VIBRATION  MODE  SHAPE*  * 


FINAL  stiffnes*  DESIGN 


AMTI SYMwftpic  » LOW  GROSS  WEIGHT 


ROW 

MODc  l 

MODE  2 

m(*0E  3 

*0DE 

77 

.0000 

.1073 

.0019 

.0063 

78 

.0000 

.2083 

.0036 

.0092 

79 

.0000 

.3182 

.0057 

.0097 

80 

• 0000 

.4452 

.0080 

.0062 

81 

.0000 

.145? 

.0026 

.0049 

92 

.0000 

.2576 

.0047 

.00  72 

83 

.0000 

.3182 

.0057 

• 0091 

84 

.0000 

.445? 

.0080 

• 0064 

85 

.0000 

.5619 

.0101 

.0026 

86 

.0000 

.3182 

.0057 

.0054 

87 

.0000 

.4452 

.0080 

.0022 

98. 

.0000 

.5619 

.0101 

-.0027 

89 

.0000 

.1452 

.0026 

.0012 

90 

.0000 

.2576 

.004  7 

.0019 

°1 

.0000 

.3182 

.0057 

.0015 

92 

.ooco 

.4452 

.0080 

-.0030 

93 

•0000 

.5619 

• 0101 

-.0103 

94 

.0000 

.6483 

.0117 

-.0168 

95 

.ooco 

.6221 

.0112 

-.0179 

96 

.0000 

.6885 

.0124 

-.02  79 

97 

.0000 

.7399 

.0134 

-.0369 

98 

.0000 

.7834 

.0141 

-.0452 

99 

.0000 

.8245 

.0149 

-.0604 

100 

.0000 

.8744 

.0158 

-.0785 

101 

.0000 

.9242 

.0167 

-.0897 

10? 

.0000 

.9659 

.0174 

-.0992 

103 

.0000 

.1452 

.0026 

-.0005 

104 

.0000 

.2576 

.0047 

-.0012 

105 

.0000 

.318? 

.0057 

-.0023 

106 

.0000 

.4452 

.0080 

-.0085 

107 

.0000 

.5696 

.0103 

-.0196 

108 

.0000 

.6221 

.0112 

-.0277 

109 

.0000 

.68  85 

.0124 

-.0397 

110 

.0000 

.7834 

.0141 

-.0589 

111 

.0000 

.8245 

.0149 

-.06 76 

112 

.0000 

• 0884 

.0016 

-.0009 

113 

.0000 

.1610 

.0029 

-.0008 

114 

.0000 

.24  4 

.0045 

-.0016 

MODE  5 

HOPE  6 

**ODf  7 

MODE 

-.0496 

.0182 

-.0476 

.0226 

-.0965 

.0362 

-.0968 

.0427 

-.1469 

.0557 

-.1523 

.0649 

-.2040 

.0813 

-.2226 

• 0880 

-.0610 

.0122 

-.050? 

.0151 

-.1065 

.0221 

-.0912 

.0261 

-.1357 

.0378 

-.1272 

.0411 

-.1845 

.0570 

-.1855 

.0519 

-.2258 

.0819 

-.2453 

.0584 

-.1236 

.0149 

-.0975 

.0192 

-.1598 

.0230 

-.1351 

.0169 

-.1822 

.0456 

-.1797 

.0110 

-.0547 

-.0050 

-.0300 

-.0004 

-.0935 

-.0096 

-.0523 

.0015 

-.1110 

-.0137 

-.0609 

.0007 

-.1320 

-.0212 

-.0713 

-.0083 

-.1367 

.0035 

-.1027 

-.0251 

-.1223 

.0411 

-.1396 

-.0329 

-.0987 

.0146 

-.0943 

-.0359 

-.0356 

.0536 

-.1096 

-.0397 

.0294 

.1074 

-.1413 

-.0373 

.0929 

. 1703 

-.1843 

-.0310 

• 239C 

.2663 

-.2250 

-.0100 

.4206 

.4156 

-.3181 

.0232 

.5269 

.5475 

-.4301 

.0453 

.6195 

.6652 

-.5311 

.0651 

-.0493 

-.0270 

-.0006 

-.0176 

-.0791 

-.0609 

.008  1 

-.0171 

-.0895 

-.0753 

.0170 

-.0189 

-.0886 

-.0948 

.0330 

-.0269 

-.0561 

-.0495 

.0073 

-.0417 

-.0019 

-.0226 

.0046 

-.0427 

.0882 

.0495 

-.0354 

-.0337 

.2458 

.2121 

-.1629 

-.0094 

.3215 

.2976 

-.2207 

.0040 

-.0297 

-.0198 

.0062 

-.0174 

-.0498 

-.0555 

.0278 

- .0234 

-.0666 

-.1181 

.0732 

-.0251 

’Elastic  modes  start  at  "mode  4." 
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T<*PLF  1 1—6  AIRPLANE  VIBPATI'VU  MPOF  SHAPFS*  , FINAL  STI FFNESS  DESIGN 


LNTI  SYMMETRIC  « LOW  GROSS  WEIGHT 


*>QW 

M00c  l 

vr*0  F 2 

Mono  3 

MnOF  4 

mhoE  5 

MODE  6 

MOQF  7 

MODE  8 

115 

.0000 

.3182 

.0057 

-.0040 

-.0729 

-.1519 

.1047 

-.0308 

116 

.0000 

.4119 

.0074 

-.0097 

-.0593 

-.1732 

.1356 

-.0368 

117 

.0000 

,4C65 

.0090 

-.0164 

-.0260 

-.1749 

.1524 

-.0340 

118 

.0000 

.5461 

.0099 

-.0231 

.0035 

-.1333 

.1325 

-.0420 

119 

.0000 

.6200 

.0112 

-.0379 

.1061 

-.0563 

.1084 

-.0402 

120 

.0000 

• 6806 

.0123 

-.0507 

.2091 

.0504 

.0348 

-.0220 

121 

.0000 

.7317 

.0132 

-.0614 

.2996 

.1486 

-.0408 

-.0035 

122 

.0000 

.7553 

.0136 

-.0674 

.3554 

.2049 

-.0811 

.0063 

123 

.0000 

.^957 

.0144 

-.0751 

.4242 

.2964 

-.1618 

.0207 

12* 

.0000 

.8500 

.0153 

-.0857 

.5217 

.4298 

-.2804 

.0414 

125 

.0000 

.9042 

.0163 

-.0966 

.6239 

.5732 

-.4090 

.0637 

126 

.0000 

.9313 

.0168 

-.1022 

.6762 

.6476 

-.4760 

.0753 

127 

.0000 

.9659 

.0174 

-.1092 

.7432 

.7427 

-.5619 

.0902 

128 

.0000 

1.0000 

.0181 

-.1162 

.8084 

.8350 

-.6450 

.1046 

129 

.0000 

.1206 

.0022 

-.0023 

-.0341 

-.0607 

.0427 

-.0210 

130 

.0000 

.2172 

.0039 

-.0026 

-.0535 

-.1382 

.1045 

-.0298 

131 

.0000 

.1206 

.0022 

-.0033 

-.0311 

-.0821 

•0662 

-.0233 

132 

.0000 

.2172 

.0039 

-.0037 

-.0489 

-.1689 

.13^0 

-.0342 

133 

.0000 

.3113 

.0056 

-.0040 

-.0537 

-.3186 

.2317 

-.0425 

134 

.0000 

.4066 

.0073 

-.0121 

-.0269 

-.2518 

.2375 

-.0442 

135 

.0000 

.4596 

.0083 

-.0162 

-.0054 

-.257"* 

.2549 

-.0414 

136 

.0000 

.4066 

.0073 

-.0144 

.0013 

-.3203 

.3278 

-.0506 

137 

.0000 

.4596 

.0083 

-.0184 

.0216 

-.3233 

.3417 

-.04  76 

138 

.0000 

.5604 

.0101 

-.0283 

.0739 

-.2072 

.2469 

-.0317 

139 

.0000 

.6336 

.0114 

-.0511 

.2423 

-.0126 

.1323 

-.0192 

140 

.0000 

.6954 

.0126 

-.0628 

.3317 

1 005 

.0440 

-.0023 

141 

.0000 

.7608 

.0137 

-.0770 

.4646 

01 

-.0907 

.0253 

142 

.0000 

.8156 

.0147 

-.0878 

.5655 

. >10 

-.2175 

.0478 

143 

.0000 

.8705 

.0157 

-.0988 

.6704 

.5513 

-.3537 

.0717 

144 

.0000 

.Q253 

.0167 

-.1101 

.7800 

.7117 

— .499c 

.09  73 

145 

.0000 

.9659 

.0174 

-.1188 

.8687 

• 8651 

-.6224 

.1192 

146 

.0000 

1.0000 

.0181 

-.1260 

.9389 

.9488 

-.7171 

.1359 

147 

.0000 

.3164 

.0057 

-.0029 

-.0449 

-.4790 

.4445 

-.0481 

148 

.0000 

.5594 

.0101 

-.0293 

.1492 

-.3586 

.4324 

.0007 

149 

.ooco 

.6833 

.0123 

-.0666 

.3801 

.0951 

.0836 

.0032 

150 

.0000 

.7720 

.0139 

-.0832 

.5337 

.3133 

-.1208 

.0388 

151 

.0000 

.8544 

.0154 

-.0998 

.6922 

.5404 

-.3268 

.0754 

152 

.0000 

.9367 

.0169 

-.1171 

.8648 

.7973 

-.5623 

.11  72 

'Elastic  modes  start  at  "mode  4." 


▼ ABlc  11-6  A?PPL*NE  VIBRATION  MO()F  SHAPFS*  t F TNAL  STIFFrvcfS  PFSir^’ 


AN^ISYW^FTRic  , LPW  GPOSS  WFIOHt 


ROW 

MOOC  l 

*ODF  2 

Mro=  3 

MOOF  4 

MOnr  5 

MOD?  6 

MOC>F  7 

mod?  p 

153 

.0000 

l.onoo 

.0181 

-.1306 

1.0000 

1.0000 

-.7494 

.1503 

! 

154 

.0000 

.7650 

.0138 

-.0309 

-.0501 

.1242 

-.2040 

-.0436 

155 

.0000 

.7893 

.0143 

-.0371 

.0005 

.1575 

-.2176 

-.0412 

1 

156 

.0000 

.8155 

.0147 

-.0441 

.0605 

.2007 

-.2390 

-.9354 

157 

.0000 

.8408 

.0152 

-.0511 

.1232 

.2496 

-.2670 

-.0273 

158 

.0000 

.0664 

.0156 

-.0581 

.1872 

.3025 

-.2507 

-.0177 

15o 

.0000 

.8906 

.0161 

-.0654 

.2569 

. 3636 

-.3404 

-.0059 

160 

.0000 

.9153 

.0165 

-.0728 

.3290 

.4308 

-.3881 

.00  75 

161 

.0000 

.9405 

.0170 

-.0805 

.4064 

.5062 

-.4434 

.0227 

162 

.0000 

.9642 

.0174 

-.0878 

.4813 

.5813 

-.4995 

.0378 

163 

.0000 

.9912 

.0179 

-.0964 

.5699 

.6730 

-.5693 

.0561 

164 

1.0000 

-.0157 

-.2474 

-.1473 

-.0155 

.0794 

.0765 

-.0888 

165 

1.0000 

-.0585 

-.2938 

-.1720 

-.0257 

.0596 

.1397 

-.1018 

166 

l.ooro 

-.1144 

-.3545 

-.2058 

-.0527 

.0096 

.2737 

-.1383 

167 

1.0000 

-.154? 

-.3976 

-.2364 

-.0736 

-.0123 

.4555 

-.2176 

168 

1.0000 

-.I860 

-.4322 

-.2632 

-.0915 

-.0261 

.6354 

-.3026 

169 

1.0000 

-.2186 

-.4676 

-.2922 

-.1109 

-.0380 

.8443 

-.4052 

170 

1.0000 

.0018 

- .247  1 

-.1491 

-.0116 

.OQTq 

.057  1 

-.0995 

171 

1.0000 

-.0418 

-.2941 

-.1737 

-.0193 

.0812 

.1134 

-.1005 

172 

1.0000 

-.0998 

-.3559 

-.2083 

-.0446 

.0353 

.2478 

-.1372 

173 

1.0000 

-.0145 

-.3181 

-.1920 

-.0058 

.13°? 

.0787 

-.1076 

174 

l.onoo 

-.0698 

-.3686 

-.2133 

-.0281 

.0877 

.1945 

-.1347 

i 

175 

1.0000 

-.1313 

-.4037 

-.2422 

-.0589 

.0325 

.4037 

-.2107 

t 

176 

1.0000 

-.1742 

-.4351 

-.2661 

-.0835 

-.0020 

.6087 

-.2 994 

i 

177 

1.0000 

-.0279 

-.3894 

-.2361 

.0034 

. 1880 

.0950 

-.1247 

178 

1.0000 

-.0831 

-.4164 

-.2543 

-.0279 

.1272 

.2930 

-.1962 

E 

179 

1.0000 

-.1387 

-.4436 

-.2746 

-.0612 

.0668 

.5276 

-.2891 

i 

180 

1.0000 

-. 1800 

-.4638 

-.2906 

-.0868 

.0227 

.7196 

-.3687 

i 

L 

181 

1.0000 

-.2219 

-.4840 

-.3069 

-.1129 

-.0227 

.9189 

-.4516 

2 

f 

182 

1.0000 

-.0388 

-.4498 

-.2830 

.0021 

.2407 

•240c 

-.2199 

X 

f 

183 

1.0000 

-.0807 

-.4576 

-.2882 

-.0239 

.1806 

.3898 

-.2694 

f 

184 

1.0000 

-.1512 

-.4708 

-.2976 

-.0684 

.0795 

.6550 

-.3612 

f 

185 

1.0000 

-.1825 

-.4767 

-.3018 

-.0881 

.0343 

.7725 

-.4016 

\ 

186 

1.0000 

-.0418 

-.4670 

-.2970 

.0013 

.2564 

.2939 

-.2539 

187 

1.0000 

-.1123 

-.4802 

-.3068 

-.0433 

. 156? 

.5632 

-.3486 

i 

188 

1.0000 

-.1860 

-.4940 

-.3169 

-.0901 

.0500 

.846  5 

-.4477 

t 

189 

1.0000 

-.2254 

-.5013 

-.3224 

-.1152 

-.0069 

1.0090 

-.5017 

190 

.0000 

.7287 

.0132 

-.0618 

.4393 

. 1429 

- 3017 

.5313 

* Elastic  modes  start  at  "mode  4." 
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TA8!  p 11-6  AICOLANF  VIB«AT!ON  ”03^  SHAPF5*  , *nAl  STirFNc«$  ncsfc.'j 


ANTISYMMcrpTC 


LnW  GPPSS  WEIGHT 


k 


s 

i 

t U 

i 

i 


ROW 

Mr>nc  i 

VQ-'P  ? 

Mror  3 

MODE  4 

M.30E  6 

MODE  6 

MOpc  j 

v^nc  i 

1°1 

.0000 

-.0100 

.2849 

.1977 

-.0351 

-.1797 

-.5259 

.7838 

19? 

.0000 

.0000 

-.0000 

.0001 

-.0016 

-.0004 

-.0004 

-.0002 

193 

1.0000 

.0181 

• 0021 

-.00t,2 

-.0116 

-.0193 

-.0119 

-.0180 

I04 

.0000 

-.0035 

.1007 

.0621 

.0025 

-.0360 

-.0428 

. )205 

195 

.0000 

.0000 

-.0005 

.0030 

.0000 

-.0000 

-.0000 

.0000 

196 

.0000 

.0013 

.0000 

.0001 

-.0003 

.0009 

-.0006 

.0019 

1«7 

.0000 

.0013 

.0000 

.0001 

-.0008 

.0009 

-.0006 

.0019 

19B 

.0000 

.0013 

.0000 

.0001 

-.0008 

.0009 

-.0006 

.0019 

199 

.OOfO 

.0013 

.0000 

.0001 

-.0008 

.0009 

-.0006 

.0018 

200 

.0000 

.0013 

.0000 

.0001 

-.0008 

.0009 

-.0006 

.0018 

?01 

1.0000 

-.0120 

1.0000 

1.0000 

-.0404 

.8657 

.9214 

1.0000 

202 

1.0000 

-.0178 

.9130 

.8622 

-.0248 

.5787 

.5607 

.6348 

203 

1.0000 

-.0223 

.8401 

.7503 

-.0123 

.3556 

.3374 

.3587 

204 

1.0000 

-.0263 

.7693 

.64  79 

-.0007 

. 1655 

.1283 

.1355 

205 

1.0000 

-.0338 

.6478 

.4933 

.0169 

-.0798 

-.1216 

-.1144 

206 

.0000 

.0013 

.0000 

.0001 

-.0008 

.0008 

-.0007 

.0018 

207 

.0000 

.0013 

.0000 

.0000 

-.0008 

.0007 

-.0007 

.0017 

208 

.ooco 

.0013 

.0000 

.0000 

-.0008 

.0007 

-.0007 

.0017 

20«» 

.0000 

.0013 

.0000 

.0000 

-.0008 

.0007 

-.0007 

.0018 

210 

.0000 

.0013 

.0000 

.0000 

-.0008 

.0008 

-.0006 

.0017 

211 

.0000 

.0013 

.0000 

.0001 

-.0008 

.0008 

-.0006 

.0016 

212 

.0000 

.0013 

.0000 

.0001 

-.0008 

.0008 

-.0006 

.0014 

213 

.0000 

.0013 

.0000 

.0001 

-.0007 

.0007 

-.0006 

.0013 

214 

.0000 

.0013 

.0000 

.0002 

-.0007 

.0006 

-.0007 

.0011 

215 

.0000 

.0013 

.0000 

.0002 

-.0007 

.0005 

-.0007 

.0009 

216 

.0000 

.0013 

.0000 

.0003 

-.0007 

.0004 

-.0006 

.0008 

217 

.0000 

.0013 

.0000 

.0003 

-.0006 

.0003 

- .0006 

.0006 

218 

.0000 

.0013 

.0000 

.0001 

-.0006 

.0003 

- .0006 

.0005 

219 

.0000 

.0013 

.0000 

-.0002 

-.0006 

.0002 

-.0006 

.0003 

220 

.0000 

.0013 

.0000 

-.0002 

-.0006 

.0002 

-.0005 

.0001 

221 

.0000 

.0013 

.0000 

-.0002 

-.0006 

.0002 

-.0004 

-.0002 

222 

.0000 

.0013 

.0000 

-.0001 

-.0006 

.0003 

-.0003 

-.0004 

223 

.0000 

.0013 

.0000 

-.0000 

-.0006 

.0003 

-.0003 

-.0008 

224 

1.0000 

-.032° 

.6064 

.44  86 

.0202 

-.1320 

-.1693 

-.1485 

225 

1.0000 

-.0311 

.5545 

.3967 

.0233 

-.  1784 

-.2047 

-.1620 

226 

1.0000 

-.0293 

.502  7 

.3468 

.0255 

-.2089 

-.2216 

-.1597 

2?  7 

1.0000 

-.0275 

.4508 

.2995 

.0266 

-.2221 

-.2199 

-.1441 

228 

1.0000 

-.0257 

.3990 

. 2566 

.0260 

-.2161 

-.2019 

-.1222 

'Elastic  modes  start  at  "mode  4." 
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« 

TABIC  11- 

6 AI°  DLANf  VIB&ATIO*!  *00= 

SHAPES* 

t PINAL 

STT  PCN'CSS 

1 

i 

1 

i *■ 
! 
i 

OfSIOM  < 

j 

1 i 

ANTI$W^cTpiC  t LrW  GPOCS  K 

e T GHT 

! 

1 

i ’f 

BOW 

Mf'dF  i 

MPDF  2 

MOOF  3 

Mpnf  4 

MQOF  5 

MOOE  6 

MPOC  7 

n*OQc  8 ~ J ■ 

229 

l.ooto 

-.0238 

.3472 

.2169 

.0241 

-.1975 

-.1746 

-.09C3  :•  ; 

230 

1.0000 

-.0220 

.2953 

• 1738 

• 0214 

-.1723 

-.1440 

-.0785  ; > 

231 

1.0000 

-.0202 

.2435 

.1415 

.0181 

-.1441 

-.1137 

-.0617 

232 

1.0000 

-.0184 

.1917 

.1042 

.0144 

-.1149 

-.0855 

-.0494 

233 

1.0000 

-.0165 

.1398 

• 0666 

.0105 

-.0865 

-.0597 

-.0419 

2 34 

l.oooo 

-.0147 

.0880 

.0266 

.0070 

-.0594 

-.0355 

-.0383 

23b 

1.0000 

-.0129 

.0361 

-.Olio 

.0039 

-.0349 

-.0137 

-.0377 

2 36 

1.0000 

-.0111 

-.0157 

-.0231 

.0014 

-.0153 

.0038 

-.0391 

237 

1.0000 

.0059 

-.0673 

-.0160 

-.0075 

.0027 

.0125 

-.0391 

238 

1.0000 

.0153 

-.1190 

-.0567 

-.0118 

.0206 

.0312 

-.0491 

, 239 

1.0000 

.0146 

-.1708 

-.0937 

-.0103 

.0339 

.0547 

-.0589 

290 

1.0000 

.0139 

-.2227 

-.1312 

-.0097 

.0449 

.0744 

-.066? 

241 

1.0000 

-.0070 

-.2750 

-.1752 

-.0012 

.0384 

.0794 

-.0538 

242 

.0000 

.0013 

.0000 

-.0000 

-.0006 

.0003 

-.0003 

-.0011 

243 

.0000 

.0013 

.0000 

-.0000 

-.0006 

.0003 

-.0004 

-.0015 

244 

.0000 

.0013 

.0000 

-.0000 

-.0006 

.0003 

-.0004 

-.0016 

• 245 

.0000 

.0013 

.0000 

-.0000 

-.0006 

.0003 

-.0004 

-.0016 

246 

1.0000 

-.0350 

-.3349 

-.2357 

.0109 

.0096 

.0680 

-.0018 

i 247 

1.0000 

- • 0732 

-.4768 

-.4166 

.0330 

-.1432 

- .0  l Q 3 

.3301 

| 248 

1.0000 

-.0920 

-.5495 

-.5211 

.0476 

-.2570 

-.0792 

.62eo 

! 249 

1.0000 

-.1146 

-.6289 

-.6387 

.0646 

-.3935 

-.1521 

.9999 

j 250 

.0000 

.0013 

.0000 

-.0000 

-.0006 

.0003 

-.0004 

-.0017 

251 

.0000 

.0000 

-.0005 

-.0007 

.0000 

-.0008 

-.0005 

.0022  ; 

25? 

.0000 

-.0013 

.0360 

.0539 

-.0026 

.0595 

.0364 

-.1549 

253 

1.0000 

-,054« 

-.5821 

-.5698 

.0514 

-. 31 1 7 

-.1114 

.7726  * 

254 

.0000 

.0922 

.001  7 

-.0017 

-.0424 

.0220 

-.0271 

-.1191 

255 

.0000 

.0013 

.0000 

-.0000 

-.0006 

.0003 

-.0004 

-.0016 

256 

.0000 

.0000 

-.0005 

-.0007 

.0000 

-.0008 

-.000  5 

.0019  *: 

257 

1.0000 

-.2176 

-.5536 

-.5212 

.1045 

-.2879 

-.0445 

.7870 

258 

l.OOCO 

-.0314 

.6979 

.55  34 

.0103 

.0074 

-.0364 

-.0339  ■} 

259 

1.0000 

-.0542 

-.4077 

-.3237 

• 020° 

-.0557 

• 02QC 

.1245 

260 

( 

i 

| 

.0000 

.0013 

.0000 

-.0000 

-.0006 

.0002 

-.0004 

-.0014 

l 

’Elastic  modes  start  at  "mode  4." 
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TABLF  11-6  AfR&LANF  VTB°ATjin  MDOE  SHAPES  # FINAL  $TJFFNF$5  rf:S  IGN 


ANTI SYVMF  T5 IC 


ITW  9BPSS  WFIGHT 


»'JW 

MODE  9 

WPOF  10 

11 

Monp  12 

MT)F  13 

vi-OE  14 

viopr 

1 

-.0068 

.1695 

.0126 

-.0043 

-.0045 

-.1338 

-.0365 

.0467 

2 

.0485 

-.2256 

-.0174 

-.0506 

.0765 

-.34  36 

-.0074 

.0200 

3 

• 0 1 P 5 

.4388 

.0082 

-.0207 

.0227 

-.0994 

.0153 

-.0010 

4 

.0004 

-.0033 

-.0005 

-.0007 

.0016 

-.0009 

-.0005 

.0096 

5 

-.0001 

-.0033 

-.0002 

.0002 

.0000 

.0022 

.0006 

-.0005 

6 

.0001 

-.0006 

-.0000 

-.0000 

.0001 

-.0003 

.000  1 

-.0001 

7 

-.Olf  1 

-.1683 

.0232 

-.0109 

-.0146 

-.0727 

.0037 

.0807 

8 

.0286 

.1791 

-.0103 

.0401 

-.0645 

-.4780 

.0396 

.050? 

9 

.004  3 

-.3292 

-.0121 

.0183 

-.0349 

-.0507 

- .0069 

.0101 

10 

.0000 

.0029 

-.0005 

.0009 

-.000« 

-.0114 

.0001 

.0008 

11 

-.0001 

32 

-.0005 

.0002 

.0005 

.0912 

- .0003 

-.0012 

12 

.0000 

.000? 

-.0000 

.0001 

-.0001 

-.0010 

.000  l 

.0002 

13 

-.0277 

-.0413 

.0660 

-.0288 

-.0316 

-. 3247 

-.2055 

- .109? 

14 

-.0417 

-.0  3 

.0933 

-.0391 

-.0414 

-.4771 

-.2195 

-.1012 

15 

-.0473 

-.08  05 

.0900 

-.03  30 

-.0309 

-.3615 

.0200 

. 365 

16 

-.0389 

-.0645 

.0251 

-.0006 

.0067 

.1150 

.2025 

. 1 1 j i 

17 

-.0327 

-.0084 

-.0919 

.0507 

.0426 

.4688 

-.0694 

. 1367 

18 

-.0534 

.0355 

-.1224 

.0616 

.0296 

. 3608 

-.3665 

.2506 

19 

-.1069 

. 17co 

-.0831 

.0327 

.0344 

.326? 

-.4091 

.2613 

20 

-.1791 

.3865 

-.0313 

-.0176 

.0575 

.4582 

-.3357 

. 36  83 

21 

-.2439 

.5714 

.0157 

-.06  38 

.0845 

.6303 

-.2106 

.5328 

22 

-.0207 

-.0309 

.0492 

-.0215 

-.0235 

• <8 

- .1637 

-.0827 

23 

-.0266 

-.0396 

.0608 

-.026? 

-.0283 

-.1796 

-.9915 

24 

-.0309 

-.0466 

.0695 

-.0295 

-.0315 

_i5  53 

-.1868 

-.0910 

25 

-.0357 

-.0550 

.0796 

-.0333 

-.0352 

-.4058 

-.1854 

-.08  53 

26 

-.0387 

-.0610 

.0854 

-.0351 

-.0366 

-.4324 

-.1643 

-.0701 

27 

-.0421 

-.0684 

.0911 

-.0365 

-.0372 

-.4502 

-.1221 

-.0478 

28 

-.043? 

-.0719 

• 0BC6 

-.0347 

-.0344 

-.4151 

- .060  2 

-.00  72 

29 

-.0435 

-.0736 

.0855 

-.0320 

-.0306 

-.3629 

-.006  6 

.0211 

30 

-.0422 

-.0729 

.0723 

-.0246 

-.0214 

-.2389 

.0787 

.9608 

31 

-.0394 

-.0683 

.0512 

-.0140 

-.0087 

-.0742 

.1494 

.0987 

32 

-.0134 

-.0200 

.0318 

-.0138 

-.0151 

-.1695 

-.0994 

-.0548 

33 

-.OIF  5 

-.0291 

.0442 

-.0189 

-.0204 

-.2253 

-.129  1 

-.0660 

34 

-.0240 

-.0360 

.0536 

-.0227 

-.0243 

-.2736 

-.1440 

-.0703 

35 

-.0292 

-.0449 

.0647 

-.02  70 

-.0285 

-.3286 

-.1435 

-.0680 

36 

-.0326 

-.0512 

.0716 

-.02  94 

-.0306 

-.360? 

-.1375 

- .0588 

37 

-.0365 

-.0591 

.0785 

-.0314 

-.0319 

-.3849 

-.1024 

-.0356 

38 

-.0385 

-.0640 

.0796 

-.0309 

-.0305 

-.  36  76 

-.0533 

-.0067 

649 


T ABL - 11-6 


A *P  PI  AN'1;  VI  BP  AT  TDK  MOOF  WAOCS 


» 


PINAL  STIFF*C«S  nr^|r,f. 


ANTI cyMMcrc IC  , l TW  G°PSS  WFIGHT 


prw 

9 

MC  OE  10 

"PDF  11 

M^OF  13 

14 

moop  15 

Mpnc  I*, 

39 

-.0393 

-.0665 

.0770 

-.0288 

-.0274 

-.3249 

-.0029 

.0205 

40 

-.0387 

-.0669 

.0657 

-.0223 

-.0192 

-.2140 

.0766 

.0576 

41 

-.0365 

-.0633 

.0465 

-.0124 

-.0074 

-.0609 

.1429 

.0831 

42 

-.0343 

-.05/2 

.0210 

.0001 

.0069 

.1121 

• 1854 

.0909 

43 

-.0315 

-.0460 

-.one 

.0154 

.0223 

.2787 

.1771 

.1052 

44 

-.0296 

-.0329 

-.0428 

.0290 

.0328 

.3361 

.1113 

.10  56 

45 

-.0297 

-.0122 

-.0841 

.0468 

.0395 

.4386 

-.0523 

.ll«l 

46 

-.0320 

-.0006 

-.1030 

.0546 

.0379 

.4162 

-.1639 

.1391 

47 

-.0388 

.0044 

-.1 !29 

.0581 

.0313 

.3  729 

-.2700 

.1855 

48 

-.0455 

.0146 

-.  i;2B 

.0580 

.0268 

• 3294 

-.3216 

.2052 

49 

-.0559 

.03  79 

-.1048 

.0548 

.0250 

.2918 

-.3464 

• 2004 

50 

-.0671 

.0667 

-.0946 

.0495 

.0250 

.2674 

-.3569 

.1913 

51 

-.0806 

.1043 

-.0827 

.0419 

.0267 

.2561 

- .?5°4 

.1852 

52 

-.0960 

.1487 

-.0693 

.0323 

.0299 

.2570 

-.355? 

.1848 

53 

-.1154 

.2051 

-.0536 

.0193 

.0353 

.2759 

-.3401 

.1959 

54 

-.1386 

.2722 

-.0363 

.0033 

.0429 

.3163 

-.3154 

.2267 

55 

-.1661 

.3518 

-.0161 

-.0167 

.0529 

.3766 

-.2712 

.2754 

56 

-.1949 

.4345 

.0050 

-.0376 

.0644 

.4483 

-.2152 

.3391 

57 

-.2312 

.5383 

.0319 

-.0641 

.0800 

.5481 

-•I39c 

.4342 

58 

-.2666 

.6391 

.0587 

-.0899 

.0959 

.6485 

-.0367 

.5327 

59 

-.0196 

-.0293 

• v>436 

-.0185 

-.0198 

-.2229 

-.1190 

-.0588 

60 

-.0193 

-.0292 

.0423 

-.0177 

-.0186 

-.2136 

- .0°8  4 

-.0456 

61 

-.0185 

-.0288 

.0400 

-.0164 

-.0169 

-.1971 

-.0718 

-.0305 

62 

-.0261 

-.0412 

.0569 

-.02 32 

-.0240 

-.2824 

-.0995 

-.0412 

63 

-.0175 

-.0281 

.0370 

-.0147 

-.0148 

-.1760 

-.0420 

-.0142 

64 

.0315 

-.0517 

.0669 

-.0264 

-.0265 

-.3213 

-.0684 

-.0196 

65 

-.0159 

-.0264 

.0319 

-.0121 

-.0116 

-.1360 

-.0065 

.0042 

66 

-.0288 

-.0484 

.0571 

-.0215 

-.0206 

-.2452 

- .0059 

.0130 

67 

-.0097 

-.0165 

.0173 

-.0061 

-.0052 

-.0554 

.0174 

.0113 

68 

-.0190 

-.0329 

.0332 

-.0114 

-.0098 

-. 1090 

.0374 

.0267 

69 

-.0306 

-.0534 

.0530 

-.0181 

-.0156 

-.1758 

.0623 

.0464 

70 

-.0228 

-.0335 

.0179 

-.0044 

-.0022 

-.0476 

.0234 

.04  27 

71 

-.0205 

-.9376 

.0283 

-.0080 

-.0050 

-.0543 

.0831 

.0455 

72 

-.0313 

-.0550 

.0413 

-.0113 

-.0069 

-.0625 

.1235 

.0705 

73 

-.0066 

-.0113 

.0  376 

-.0018 

-.0003 

.005? 

.0330 

.0105 

74 

-.0098 

-.0243 

.0164 

-.0041 

-.0021 

.0445 

.0922 

.0449 

75 

-.0205 

-.0369 

.0177 

-.0^21 

.0023 

.0412 

.1190 

.0536 

76 

-.0301 

-.0511 

.0208 

-.0009 

.0051 

.0864 

. 1649 

.0844 

TA<M.p  1 1-6  ftIPPLAf.P  V13PAT!0N  M09E  SHA^S  t pinal  STIFP^SF  TSIGN 


A NT I c VMVE TP  I C , l"W  OF  CSS  WEIGHT 


P0W 

vidop  9 

whop  10 

MODE  11 

VOOF  12 

VOPF  13 

Mrinp 

MOnc  15 

wf]0F  16 

77 

-.0048 

-.0084 

.0032 

-.0000 

.0019 

.0311 

.0336 

.0077 

78 

-.0099 

-.0177 

.0044 

.0011 

.0047 

.0686 

.0777 

."203 

79 

-.0158 

-.0274 

.0036 

.0035 

.0086 

.1173 

.1170 

.0378 

80 

-.0233 

-.0382 

-.0024 

.0088 

.0152 

. 1956 

.1536 

. 06  98 

«1 

-.0044 

-.0069 

-.0011 

.0020 

."054 

.0734 

.0552 

.0026 

82 

-.0085 

-.0146 

-.0054 

.0054 

.0108 

. 1420 

.0910 

.0061 

83 

-.0125 

-.9213 

-.0056 

.0069 

.0126 

. 1646 

.1098 

.0203 

F4 

-.0193 

-.0295 

-.0173 

.0143 

.020° 

.2554 

.1275 

.04  77 

8 5 

-.0268 

-.0329 

-.0350 

.0249 

.0295 

.3503 

.1221 

.0899 

86 

-.0088 

-.0149 

-.0130 

.0092 

.0161 

.2031 

.1032 

-.0027 

87 

-.0139 

-.0169 

-.0319 

.0194 

.0253 

.2939 

.0890 

.0136 

88 

-.0213 

-.0194 

— .0566 

.03  30 

.033? 

.3734 

.0335 

.0603 

89 

-.0015 

-.0003 

-.0045 

.0028 

.0073 

. 1058 

.0635 

-.0146 

90 

-.0034 

-.0073 

-.0114 

.0064 

.0142 

. 1898 

.0960 

-.0276 

91 

-.0044 

-.0093 

-.0169 

.0091 

.0181 

.2295 

.1009 

-.0326 

92 

-.0074 

- .0060 

-.0386 

.0197 

.0280 

.2870 

.0545 

-.0313 

c3 

-.0140 

-.0023 

-.0709 

.0372 

.0343 

.3235 

-.0510 

-.0069 

94 

-.0245 

-.0067 

-.0914 

.0496 

.0318 

.3280 

-.1460 

.0715 

95 

-.0190 

-.0153 

-.0804 

.0453 

.0261 

.2624 

-.1195 

.0283 

96 

-.0312 

-.0172 

-.0861 

.040o 

.0206 

.2289 

-.2133 

.0762 

97 

-.0457 

.0099 

-.0845 

.0493 

.0187 

.2057 

-.2699 

.1066 

98 

-.0628 

.0550 

-.0786 

.0447 

.0213 

.20  73 

-.306! 

.1248 

CQ 

- .08c  3 

.1329 

-.0309 

.0233 

.0252 

. 15  76 

-.2500 

.06U 

100 

-.1395 

.2817 

.0127 

-.0167 

.0419 

.2089 

-.1271 

.0707 

101 

-.1903 

.4252 

.0356 

-.04  73 

• 062d 

.3676 

- ,0803 

.2295 

102 

-.2371 

.5574 

.0577 

-.0764 

.0834 

.5250 

-.0202 

.3947 

103 

.0025 

.0297 

-.0019 

.0009 

.0055 

. 1"  35 

.0707 

-.0224 

104 

.0025 

.0458 

-.0083 

.0026 

.013? 

.1838 

.0949 

-.0475 

105 

.0028 

.0384 

-.0153 

.0033 

.0202 

. 1902 

.0875 

-.0564 

106 

.0013 

-.0114 

-.0344 

.0129 

.0256 

.215? 

.0330 

-.0751 

107 

-.0066 

-.0600 

-.0569 

.0367 

.0113 

.1156 

-.0549 

-.0481 

108 

-.0125 

-.0769 

-.0550 

.0418 

.0041 

."492 

-.0962 

-.0571 

109 

-.0272 

-.0501 

-.0439 

.04  09 

.0033 

.00  29 

-.1310 

-.0842 

1 10 

-.0693 

.0796 

-.0185 

.0226 

.0165 

.0369 

-.1500 

-.0795 

ill 

-.0972 

.1607 

-.0060 

.0078 

.0260 

. 09  60 

- .1490 

-.0331 

112 

,0029 

.02  83 

.0011 

-.0006 

.0020 

.0504 

.0448 

-.0104 

113 

. 049 

.0692 

.0005 

-.0007 

.0044 

. 1033 

.0  734 

- 029? 

114 

.0073 

.1336 

-.0024 

-.0020 

.0103 

. 1434 

.0659 

-.0535 

651 


I 


TABLp  1 1-6  AIRPLANF  VIBPATjr*g  mqjf  SHAPES 


PINAL  STICFNPSS  DEM G*' 


ANTI SV^mptb IC 


LTW  GPCSS  WIGHT 


«00F  9 

.0095 
• 0106 
.0065 
.0031 
-.0013 
-.0168 
-.0399 
-.0581 
-.0920 
-.1634 
-.2008 
-.2311 
-.2699 
-.3073 
.0057 
.0103 
.0076 
.0132 
.0212 
.0178 
.0156 
.0240 
.0216 
.0066 
.0044 
-.0151 
-.0755 
-.1314 
-.192° 
-.2606 
-.3199 
-.3645 
.0307 
.0102 
-.0053 
-.0956 
-.1888 
-.3007 


*0DE  10 
.1434 
.0203 
-.1429 
-.1677 
-.1660 
-.0014 
.0068 
.0607 
.1559 
.3003 
.4610 
.5459 
.6547 
.7505 
.0775 
. 1686 
.1062 
.2113 
.4754 
• 00^5 
-.1267 
-.0195 
-.1578 
-.3540 
-.1528 
-.0541 
.1150 
.2712 
.4436 
.6337 
. 0005 
.9259 
.8406 
-.6975 
-.0746 
. 1734 
.4343 
.7488 


MPHf  11 

-.0087 

-.0204 

-.0278 

-.0317 

-.0136 

.0102 

.0266 

.0415 

.0515 

.0693 

• 0908 
.1027 
.1178 
.1320 
.0018 
.0008 
.0032 
.0028 
.0117 

-.0103 

-.0146 

-.0025 

-.0072 

-.0053 

.0447 

.0630 

.0071 

.1069 

.1308 

.1599 

.1900 

.2105 

.0320 

.0371 

.0960 

• 1132 
.1496 
.2026 


hpof  12 
-.0043 
.0004 
.0132 
.02  72 
.0383 
.0334 
.0191 
.0088 
-.0106 
-.03  98 
-.0729 
-.0907 
-.1135 
-.1353 
-.0037 
-.0069 
-.0065 
-.0109 
-.0234 
-.0056 
.0018 
-.0102 
-.0026 
.0209 
.0316 
.02  54 
-.'  36 

-.04  70 
-.0839 
-.1257 
-.1648 
-.1930 
-.0426 
• u009 
.0266 
-.0320 
-.0888 
-.160? 


MODE  13 
.0202 
.0223 
.0038 
-.0118 
-.0237 
-.0088 
.0019 
.0104 
.0220 
.0429 
.0684 
.0824 
.1004 
.1175 
.0062 
.0126 
.0086 
.0159 
.021? 
.0116 
-.0014 
.0014 
-.0114 
-.0471 
-.0193 
-.0024 
.0164 
.0389 
.0660 
.1003 
.1327 
.1557 
.024? 
-.0973 
-.0037 
.0243 
.0659 
.1244 


MODF  14 
. 1145 
.1172 
.1100 
-.0240 
-.2294 
-.2390 
-.1969 
-.1651 
-.0682 
.0988 
.3034 
• 4162 
.5616 
.6997 
.0506 
.0944 
.0313 
.0680 
-.  1206 
.0441 
.0493 
-.0145 
-.0062 
-.  1651 
-.4106 
-.3781 
-.2158 
-.0325 
.1942 
.4657 
. 7253 
.9109 
-. 3826 
-.2317 
-.5404 
-.1972 
. 1402 
.6132 


HOOF  15 
.069? 
.0390 
-.0023 
-.0180 
-.009? 
.0063 
.0158 
.0416 
.0575 
.0960 
.155? 
.1924 
.2401 
.2000 
.0716 
.0998 
.0876 
.1174 
.0119 
.0401 
.0209 
.0441 
.0251 
-.0003 
.1289 
.1325 
.1903 
.2559 
.3433 
.4788 
.6678 
• 7776 
-.0573 
.0267 
.2537 
.2874 
.4317 
.7325 


^tTPRODUCIBILlT^  "tr  TTTF 
J0RKHNAL  PAr. 


TA!»LE  11-6  A I P PL  ANC  VIBPATIPN  MpOF  SHADES  , PINAL  ST ! F^Nf 5^  nr?  I GN 


ANTT SYMmctpic  , LCW  GPQSS  WEIGHT 

- >_ 


| 

POW 

Mr;nc  9 

MOPE  10 

More  n 

woof  12 

M JCF  13 

MOPE  14 

MCpf  15 

Mroc  i6 

f 

153 

-.3859 

1.0000 

.2465 

-.2190 

.1724 

1.0000 

l .0000 

1.0000 

154 

-.0512 

.0255 

-.1166 

.06  02 

.0284 

.3467 

-.36?fl 

.2345 

' 

155 

-.0605 

.0515 

-.1124 

.05  72 

.0274 

.3211 

-.3755 

.2360 

156 

-.0725 

.0829 

-.1027 

.0513 

.0277 

.3022 

-.3888 

.2325 

t 

157 

-.0869 

.1227 

-.0911 

.0429 

.0296 

• 296’. 

-.3926 

.2310 

f 

15  8 

-.1031 

.1688 

-.0783 

.0326 

.0328 

. 3019 

-.3902 

.2344 

V- 

159 

-.1231 

.2264 

-.0630 

.0191 

.0381 

. 3241 

-.3772 

.2492 

Y 

160 

-.1467 

.29^3 

- .0460 

.0026 

.0457 

. 367? 

-.3645 

.2827 

- 

161 

-.1746 

.3743 

-.0259 

-.0173 

0559 

. 42Q6 

-.3  132 

.3358 

162 

-.2032 

.4563 

-.0053 

-.0378 

.0673 

.5014 

-.2628 

.4013 

j 

t 

163 

-.2395 

.5598 

.0214 

-.0639 

.0830 

.60... 

- • 1 R 27 

.4985 

* 

' 

164 

.0229 

.0180 

.0154 

-.0086 

-.0192 

. 1519 

.0  180 

-.0051 

’ 

165 

.0387 

-.0136 

.0259 

-.0119 

-.0293 

. 08  A 8 

.0888 

-.0862 

, 

166 

.0903 

-.1164 

.0724 

.0331 

-.0122 

-.0705 

.1546 

-.2398 

167 

.1830 

-.2551 

.2628 

.2283 

.1817 

-.0145 

.0785 

-.1672 

- 

168 

.2750 

-.3932 

.4762 

.4498 

.4099 

.0915 

-.0450 

-.0185 

l# 

169 

.3339 

-.5554 

.7407 

.7262 

• 6°9  1 

.2470 

-.2221 

.2082 

1 

170 

.0183 

.0303 

.0108 

-.0070 

-.0177 

. 1678 

-.0064 

.0188 

171 

.0305 

.0061 

.0173 

-.0162 

-.0322 

. 1057 

.067  1 

-.0562 

172 

.0325 

-.0922 

.0707 

.0321 

-.0073 

-.0306 

.!?*? 

-.2011 

*; 

f 

173 

.0240 

.0421 

.0205 

-.0079 

-.0190 

. 1541 

.0280 

-.0085 

174 

.0663 

-.0428 

.0663 

.02  96 

.0019 

.0492 

.0951 

-.1230 

175 

.1639 

-.2051 

.2448 

.2095 

.1721 

.0408 

.050  i 

-.1158 

176 

.2653 

-.3676 

.4678 

.4410 

.406? 

. 1224 

-.0569 

.0118 

177 

.0296 

.0594 

.0335 

-.0078 

- 0168 

. 1499 

.0663 

-.0368 

178 

.1231 

-.0993 

.2066 

.1694 

.;  518 

. 1583 

.0169 

-.0049 

179 

.2356 

-.2896 

.4408 

.4127 

.3927 

.2143 

-.091  1 

.1015 

[ 

180 

.3294 

-.4467 

.64  72 

.62  87 

.6111 

.2  842 

-.2068 

.2288 

181 

.4271 

-.6104 

.8645 

.P567 

.9424 

.3603 

-.3335 

.3605 

182 

.1165 

-.0309 

.2  605 

.2239 

.2  342 

. 3657 

-.0950 

.2148 

t 

183 

.1840 

-.1577 

.3875 

.3564 

.3597 

. 3566 

-.1375 

.2354 

( 

j 

184 

.3059 

-.3843 

.6278 

.6083 

.6032 

.3620 

-.2379 

.3071 

• 

j 

185 

.3599 

-.4849 

.7337 

.7195 

.7104 

.3625 

-.281  3 

.3366 

y 

j 

186 

.1473 

-.0663 

.3451 

.31 15 

.3296 

.4449 

-.1614 

.3141 

» i 
J 

187 

.2718 

-.2961 

.5935 

.5722 

.5830 

.4611 

-.2717 

.4025 

f 

i 

r 

108 

.4027 

-.6390 

.8556 

.8478 

.8510 

.4734 

-.3894 

.4930 

*■ 

189 

.4740 

-.6711 

l .0000 

1.0000 

1.0000 

.483? 

-.4593 

.5505 

» 

} 

190 

.7063 

. 09c5 

.0451 

-.0113 

-.0151 

-.2019 

.1298 

-.391? 

i c I 

1"  i 

t 


r. 

J 

I 


T Vit  c 11-6 


pnw 

191 

192 
1C3 

194 

195 
1^6 
197 

196 

199 

200 
201 
202 

203 

204 

205 

206 

207 

208 

209 

210 
211 
21? 

213 

214 

215 

216 

217 

218 
? 1 9 
220 
221 
22? 

223 

224 

225 

226 

227 

228 


MPPLANC  VIBRATION  MOOF  SHAPES 


F TN  Al  $TIFFMES$  OFMGN 


ANTI $Y^MC  TQ IC  , l rW  GROSS  WEIGHT 


ynp»c  c 

MOO?  10 

MOOF  n 

vrpf  12 

1.0000 

.0907 

-.0622 

-.0149 

.0000 

-.0002 

-.0007 

.0002 

.0016 

.00°2 

.0092 

-.0055 

-.0078 

-.0070 

-.0001 

.0011 

-.0000 

-.0000 

-.0000 

.0000 

-.0002 

-.0002 

.0004 

-.0002 

-.0002 

-.0002 

.0004 

-.0002 

-.0002 

-.0002 

.0004 

-.0002 

-.0002 

-.0002 

.0004 

-.0002 

-.0002 

-.0002 

.0004 

-.0002 

-.0281 

.0834 

-.0432 

.0126 

-.0207 

. .0492 

-.0269 

.0090 

-.0155 

.0236 

-.0153 

.0066 

-.0119 

.0033 

-.0073 

.0054 

-.0104 

-.0186 

-.0031 

.0068 

-.0002 

-.0002 

.0004 

-.0002 

-.0002 

-.0002 

.0004 

-.0002 

-.0002 

-.0002 

.0004 

-.0002 

-.0002 

-.0002 

.0004 

-.0002 

-.0002 

-.0002 

.0004 

-.0002 

-.0002 

-.0002 

.0004 

-.0002 

-.0001 

-.0002 

.0003 

-.0001 

-.0001 

- .0002 

.0003 

-.0001 

-.0001 

-.0002 

.0003 

-.0001 

-.0001 

-.0002 

.0002 

-.0001 

-.0001 

-.0001 

.0002 

-.0001 

-.0001 

-.0001 

.0002 

-.0001 

-.0001 

-.0001 

.0001 

-.0000 

-.0000 

-.0001 

.0001 

-.0000 

-.0000 

-.0000 

.0001 

-.0000 

.0000 

.0000 

.0001 

-.0000 

.0001 

.0000 

.0001 

-.0000 

.0001 

.0001 

.0001 

-.0000 

-.0119 

-.0220 

-.0040 

.0080 

-.0145 

-.0234 

-.0066 

.0099 

-.0166 

-.0227 

-.0092 

.01 12 

-.0177 

-.0200 

-.0113 

.0117 

-.0173 

-.0160 

-.0118 

.01  10 

13 

MODr  14 

vqr>F  15 

wqnc 

-.0012 

.2503 

-.0929 

.3329 

.0000 

.0019 

-.0019 

.0028 

-.0099 

. 1385 

-.0013 

-.0062 

.0028 

-.0548 

-.0089 

.0125 

.0000 

-.0000 

.0000 

.0000 

-.0002 

-.0017 

-.0015 

-.0007 

-.0002 

-.0017 

-.0015 

-.0007 

-.0002 

-.0017 

-.0015 

-.0007 

-.0002 

-.0017 

-.0915 

-.0007 

-.0002 

-.0017 

-.0015 

-.0007 

.0109 

.3483 

.1035 

.1237 

.0090 

.1168 

.0321 

.0267 

.0080 

-.0475 

-.0134 

-.0347 

.0082 

-. 1665 

-.0379 

-.0689 

.0123 

-.2826 

-.0380 

-.0794 

-.0002 

-.0017 

-.0015 

-.0007 

-.0002 

-.0018 

-.0015 

-.0007 

-.0002 

-.0017 

-.0014 

-.0006 

-.0002 

-.0014 

-.0013 

-.0005 

-.0002 

-.0013 

-.0012 

-.0005 

-.0002 

-.0013 

-.0010 

-.0005 

-.0002 

-.0013 

-.0009 

-.0005 

-.0001 

-.0013 

-.0007 

-.0004 

-.0001 

-.0012 

-.0005 

-.0004 

-.0001 

-.0010 

-.0003 

-.0003 

-.0001 

-.0008 

-.OOC  1 

-.0002 

-.0000 

-.0006 

.0001 

-.0001 

-.0000 

-.0004 

.0003 

.0000 

-.0000 

-.0002 

.0004 

.0001 

-.0000 

-.0001 

.0006 

.0002 

-.0000 

-.0001 

.000  7 

.0002 

-.0000 

-.0001 

• Ou  )9 

.0003 

-.0000 

.0003 

.0010 

.0003 

.0144 

-.2971 

-.0287 

-.0709 

.0173 

-.2896 

-.9090 

-.0488 

.0190 

-.2516 

.0126 

-.0192 

.0192 

189b 

.0317 

.0118 

.0174 

-. 1221 

.0406 

.0325 

664 


i 


? ARl.  F 11-6  AIROLANE  VS^PATir^  WOOF  SHAP  = < 


p !',*'L  STIFf^PCS  f'flf.M 


SK'TISVPMctric 


LP<*'  wFir,HT 


- .0 1 5 7 
-.0134 
-.0107 
-.0077 
-.on*:, 
-.0012 
.0020 
.0049 
.0069 
.0106 
.0146 
.0177 
.0171 
.0001 
.0002 
.0002 
.0002 
.0101 
-.0413 
-.0870 
-.146? 
.000? 
-.0003 
.0246 
-.110? 
.0161 
.000? 
-.0003 
-.1093 
-.010? 
-.0093 
.0002 


MOOF  10 
-.0116 
-.0074 
-.0035 
-.0003 
.0024 
.0050 
.0071 

• 00R7 
. 00°4 
.0124 
.0165 

• 020® 
.0201 
.0001 
.0001 
.0001 
.0001 
.0159 
.0020 

-.0082 

-.0205 

.0001 

-.0001 

.0047 

-.0127 

.0079 

.0001 

-.0001 

-.0186 

-.0116 

.0098 

.0001 


MOpc  ii 

-.0109 

-.0091 

-.0066 

-.0037 

-.0010 

.0013 

.0030 

.0042 

.0062 

.0067 

.0064 

.0070 

.0074 

.0001 

.0002 

.0002 

.0002 

.0064 

-.0096 

-.0292 

-.0549 

.0002 

-.0001 

.0101 

-.0388 

.0137 

.0002 

-.0001 

-.0468 

-.0035 

.0018 

.0002 


MO^F  12 
.0095 
.0075 
.0053 
.0030 
.0009 
-.0008 
-.0023 
-.0033 
-.0044 
-.0052 
-.00)6 
-.0064 
-.0073 
-.0001 
-.0001 
-.0001 
-.0001 
-.oon 

.0047 

.0194 

.0391 

-.0001 

.0001 

-.0080 

.0270 

-.0076 

-.0001 

.0001 

.0291 

.0057 

-.0038 

-.0001 


MOnc  13 

.0144 
.0107 
.0067 
.0028 
-.0003 
-.0039 
-.0065 
-.0084 
-.0100 
-.0112 
-.0122 
-.0133 
-.0162 
-.0001 
-.0001 
-.0001 
-.0001 
-.0169 
.0039 
.0  309 
.0^74 
-.0001 
.0002 
-.0155 
.0453 
-.0094 
-.0001 
.000? 
.0426 
.0100 
-.0113 
-.0001 


mo or 

-.0586 
-.0033 
.04  ’ 
.0751 
.1029 
. 1266 
, 1464 
.1622 
. 1707 
. 1839 
. 1976 
.2137 
.2533 
.0008 
.0013 
.0015 
.0015 

• 2306 
.0821 

-.2374 
-.6839 
.0017 
-.00?7 
. 1913 
-.4156 
. 1204 
.0015 
-.0022 
-.3808 
-.2469 

• ?4  1 7 

• Ou  1 1 


wnnic 
.941  l 
.0370 
.0307 
.0239 
.0183 
.0125 
.006  3 
.0004 
.0006 
-.000? 
-.0052 
-.0036 
-.0316 
.0010 
.001? 
.or  ■ 3 

.00  \h 
- .06  ? 6 
-.042  7 
.0393 
. r'45 
.0017 
.001  l 
-.0739 
.1035 
.1141 
.0013 
.0007 

- .0945 

- .0433 
-.0693 

.0011 


« - 

V 


TABL  F 11-6  A IBPL  ANC  VI8P/>TTC*J  vrj.;)£  SHAPES  , FINAL  STTFF*?SS  0FS1CA* 


ANTI  SY^MCTOTC  » l nw  CROSS  urir,Hr 


rw 

NOOF  17 

■*CDF  18 

wrn?  19 

20 

1 

-.0031 

-.0274 

-.0120 

-.0507 

2 

-.0050 

-.0101 

-.0034 

-.0067 

3 

.0200 

.0072 

.0036 

-.0054 

4 

-.0003 

-.0008 

.0003 

-.0018 

-> 

-.0005 

.0002 

.0003 

-.0000 

6 

.0000 

.0001 

.0000 

.0003 

7 

-.0?04 

-.0213 

-.0037 

-.1055 

8 

.0191 

.0089 

.0098 

-.0169 

9 

.0132 

.0201 

.0165 

.0302 

10 

-.0003 

-.0006 

.000? 

-.0018 

11 

-.0008 

-.0003 

.0003 

.0002 

12 

.0003 

.0001 

-.000'' 

.0001 

13 

-.3521 

.048P 

.076 

-.0836 

14 

-.2  706 

. 113 

• 0 75  o 

.1401 

IS 

.3347 

19 

-.0467 

.2343 

16 

.5129 

-.0294 

-.07*4 

-.2470 

17 

.1195 

.0146 

-.0251 

-.2196 

IB 

-.1620 

.0011 

-.0703 

.0743 

1« 

-.2219 

-.0388 

- . * 3C6 

.1315 

20 

-.1685 

.0213 

-.1239 

e 1711 

?1 

-.0524 

.1467 

-.0339 

.1973 

22 

-.2641 

.0379 

.0573 

-.0668 

23 

-.2974 

.0307 

.0702 

-.0309 

24 

-.2795 

.0208 

.0712 

.0344 

25 

-.2299 

.0089 

.0644 

.1176 

26 

-.1392 

-.0045 

.0480 

.1963 

27 

.0  066 

-.0231 

.0202 

.2798 

28 

.1562 

-.0362 

-.0111 

.2869 

c9 

.2627 

-.0458 

-.0337 

.2468 

30 

.3940 

-.0485 

-.0602 

.1153 

31 

.4645 

-.0409 

-.0717 

-.0589 

32 

-.IT15 

.0263 

.0376 

-.0484 

33 

-.2143 

.0214 

.0515 

-.0218 

34 

-.2207 

.0161 

.0560 

.0186 

35 

-.185® 

.0062 

.0521 

.0922 

*6 

-.1227 

-.0034 

.0410 

.1549 

37 

.0069 

-.0201 

.0167 

.2341 

38 

.1354 

-.0335 

-.00Q4 

.2513 

666 

t ‘ 


» 

\ 


\l'l~  11-6 


Aj»n  \nr 


Vl«PATin»i  MO)P  SHAPES 


V 


p jiyjaL  sn  *■**!? ss  o^sion 


39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 
67 
60 

69 

70 

71 

72 

73 

74 

75 

76 


amT I TP  TC 


I nw  f,or!*5  MO  I OH  T 


Mc:nc  17 
.2416 
.3656 
.4320 
.4  >44 
.4142 
.3147 
.1149 
-.0043 
-.0967 
-.1 445 
-.1722 
-.1890 
-.1995 
-.2038 
-.1980 
-.1810 
-.1450 
-.0956 
-.0171 
.0716 
-.1378 
-.1347 
-.0685 
-.0767 
.0030 
.0528 
»0714 
.1681 
.0604 
.15'  » 
.2  8<* 
.2492 
• 2 368 
.3701 
.0496 
.1314 
.2612 
.3918 


unof  18 

-.0418 
-.0447 
-.0372 
-.0250 
— .006? 
.0047 
.0144 
.0138 
.0087 
-.0005 
-.0186 
-.0346 
-.0467 
-.0535 
-.0503 
-.0327 
.0034 
.0540 
.1342 
.2230 
.0144 
.0048 
-.0028 
-.0065 
-.0098 
-.0224 
-.0147 
-.0308 
-.0088 
-.0212 
-.0366 
-.0564 
-.  02?r* 
-.0325 
-.0015 
-.0165 
-.0147 
-.0220 


**0Cr  19 

-.0316 
-.0561 
-.0663 
-.0650 
-.0515 
-.0356 
-.0205 
-.0219 
-.0408 
-.0578 
-.0799 
-.0992 
-.1163 
-.1298 
-.1360 
-.1319 
-.1103 
-.0738 
-.0094 
.0678 
.0473 
.0365 
.0219 
.0278 
.0063 
.0045 
-.0093 
-.0225 
-.0107 
- .024  7 
-.0446 
-.0035 
-.0345 
-.0564 
-.0085 
-.02° 4 
-.0361 
-.0556 


mooF  20 
.2216 
.0988 
-.06.76 
-.2260 
-.3351 
-.3395 
-.2091 
-.0906 
.0093 
.0620 
.0015 
.0909 
.0981 
.10*8 
.1122 
.1233 
.1330 
.1417 
.1495 
.1517 
.005  7 
.0472 
.0791 
.1293 
.1013 
.2109 
.0899 
.1754 
.0163 
.0415 
.0797 
-.0669 
-.0195 
-.0452 
-.0246 
-.0341 
-.1036 
-.1835 


657 


W-  : * 


TABl  = 11-6  AIRPLANE  VlBRATfnM  *09*  SHAPES  « FINAL  STIFF*f*S  «?rMO 


ANTISYMMETRIC  , LOW  G^OSS  WEIGHT 


F^W 

'•OOF  17 

M^OE  18 

H 05  19 

MO^E  20 

77 

.0440 

• 0018 

-.0063 

-.0333 

78 

.1122 

.0005 

- 0138 

-.0747 

79 

.195? 

-.0015 

-.0229 

-.1334 

80 

.3079 

-.0051 

-.0365 

-.2311 

SI 

.0412 

.0058 

-.0017 

-.0524 

82 

.0877 

.0092 

-.0026 

-.0990 

83 

.1412 

.0071 

-.0102 

-.1345 

94 

.2*36 

.0062 

-.0186 

-.2215 

85 

.2998 

.0049 

-.0316 

-.3160 

86 

.0863 

.0144 

.0050 

-.1202 

87 

.1220 

.0154 

.0039 

-.1701 

68 

.1380 

.0149 

-.0068 

-.2121 

89 

.0037 

.0117 

.0101 

-.0465 

90 

.0222 

.0192 

.0179 

-.0747 

91 

.0296 

.0216 

.0213 

-.0829 

92 

.0343 

.0195 

.0236 

-.0855 

93 

-.0104 

.0133 

.0183 

-.0444 

94 

-.0417 

.0082 

-.0061 

-.0313 

95 

-.0484 

.00^4 

.0037 

-.0100 

96 

-.1079 

-.0148 

-.0328 

.0313 

97 

-.1463 

-.0324 

- .9047 

.0552 

98 

-.1735 

-.0579 

- .0933 

.0715 

99 

-.1634 

-.0733 

-.1113 

.0572 

100 

-.0881 

-.0329 

- .0753 

.0422 

101 

-.0243 

.0590 

-.0231 

.0777 

102 

.0534 

. 1638 

.0465 

.1092 

103 

-.0526 

.0155 

.0145 

-.0104 

104 

-.0370 

.0255 

.0281 

-.0226 

105 

-.0194 

.0260 

.0325 

-.0244 

106 

-.0205 

.0206 

.0378 

.0052 

107 

-.0445 

.0015 

.0264 

.0220 

108 

-.0727 

-.0259 

.0022 

.0219 

109 

-.1051 

-.0695 

-.0415 

.0059 

no 

-.1261 

-.0999 

-.0904 

.0020 

111 

-.1205 

-.0843 

-.0950 

.0160 

112 

-.0591 

.0091 

.0070 

.0074 

113 

-.0716 

.0196 

• 0164 

.0114 

114 

-.0549 

.0292 

.0288 

.0167 

668 


.-Mps 


t 


TABLF  11-6  Al»PLANc  VIBRATION  MQOF  SWAPFf. 


f f MAL  stiffnfss  PEMGN 


ANTISYMM^TPIC 


LOW  GROSS  Ke!GHT 


»°K 

M09F  17 

vonc 

mode  19 

20 

115 

-.0321 

.0255 

.0323 

.0119 

116 

-.0356 

.0251 

.0468 

• 0811 

117 

-.0312 

.0244 

.0445 

.1159 

HP 

-.0316 

.0039 

.0337 

.0565 

11° 

-.0523 

-.0771 

-.0061 

-.0326 

120 

-.0740 

-. 1463 

-.0517 

-.0832 

121 

-.0730 

-.1590 

-.0719 

-.0877 

122 

-.0571 

-.1501 

-.0667 

-.0961 

123 

-.0309 

-.1103 

-.0492 

-.0830 

1 24 

.0295 

-.0208 

.0024 

-.0543 

125 

• 1 1 9C 

.1100 

.0979 

-.0141 

126 

.1754 

. 1895 

.1424 

.0086 

127 

.2471 

.2903 

.2131 

.0385 

128 

.3097 

.3824 

.2738 

.06QQ 

129 

-.0965 

.0229 

.0261 

.0465 

130 

-.1019 

.0390 

.0450 

.0675 

131 

-.1306 

.0321 

.0400 

.0929 

132 

-.1410 

.0502 

.0620 

.1132 

133 

.0093 

.0086 

.0048 

.0147 

134 

-.0577 

.0424 

.oei7 

.3463 

135 

-.0621 

.0548 

.1041 

.5461 

136 

-.0874 

.0690 

.1373 

.7765 

137 

-.0923 

.0826 

.1621 

1.0000 

138 

.0100 

.0081 

.0174 

.0288 

139 

-.0452 

-.2058 

-.0433 

-.1653 

140 

-.0539 

-.2395 

-.0774 

-.1894 

141 

.0179 

-.1467 

-.0257 

-.1614 

142 

.1016 

-.0401 

.0476 

-.1450 

143 

.2223 

.1203 

.1653 

-.1104 

144 

.4054 

.3540 

.3580 

-.0^22 

145 

• 6443 

.6349 

.6221 

-.0578 

146 

.7  884 

.0123 

.7  ,*82 

-.0379 

147 

.0955 

- • 01 6C 

-.0356 

-.0236 

148 

.1073 

.0467 

-.0127 

-.0188 

149 

-.0485 

— . 3065 

-.1091 

-.3619 

150 

.091° 

-.1149 

.0201 

-.4^32 

151 

.2695 

. 1231 

.2005 

-.1570 

i52 

.6575 

.5920 

.6218 

-.1141 

669 


TA9L c 11-6 


A*0  PLANE  VIBRATION  “POE  SHAPE* 


* 


FINCL  ST!FF*,eS?  OFSIGN 


AMISYMMFTWTC  , l rw  GROSS  WEIGHT 


OPW 

M'lOF  17 

1 8 

V90F  19 

MOOF  20 

153 

l.OOCO 

l . 9000 

1.0000 

-•Qd66 

154 

-.1580 

-.0007 

-.0674 

.0716 

165 

-.1818 

-.0139 

-.0856 

.0905 

156 

-.1998 

-.0?8l 

-.1053 

.1033 

157 

-.2104 

-.0384 

-.1223 

.1129 

158 

-.2156 

-.0440 

-.1362 

.1221 

159 

-.2109 

-.0399 

-.1430 

.1321 

lbO 

-.1949 

-.0?1P 

-.1398 

.1452 

161 

-.1603 

.0150 

-.1192 

.1578 

162 

-.1151 

.0635 

-.0867 

.1699 

163 

-.0400 

. 1424 

-.0253 

.1808 

164 

.0074 

.0274 

-.0218 

.0634 

165 

.0497 

.0218 

-.0116 

.0451 

166 

.0766 

-.0240 

-.0143 

-.0083 

167 

.0312 

-.0312 

.0038 

-.0387 

168 

-.942? 

-.0281 

.0304 

-.0665 

169 

-.1474 

-.0172 

.0673 

-.0968 

170 

-.0026 

.0276 

-.0294 

.0707 

171 

.0423 

.0264 

-.0189 

.0586 

172 

.0723 

-.0142 

-.0176 

.0050 

173 

.0332 

.0301 

-.0353 

.0732 

174 

.0630 

.0052 

-.0247 

.0316 

175 

.0331 

-.0146 

-.0047 

-.0122 

176 

-.0419 

-.0186 

.0257 

-.0508 

1 77 

.0730 

.0333 

-.0410 

.0719 

178 

.0366 

. 020R 

-.0231 

.0450 

179 

-.0394 

.0102 

.0106 

-.001/ 

180 

-.1197 

.0049 

.0458 

-.0471 

181 

— .?084 

-.0008 

.085? 

-.0994 

132 

.0123 

.0735 

-.0408 

.1257 

183 

-.0201 

.0568 

-.0167 

.0817 

184 

-.1193 

.0292 

.0339 

-.0062 

185 

-.1594 

.016? 

.0567 

-.04/1 

186 

-.0180 

.0867 

-.0363 

.1374 

187 

-.1131 

.0619 

.0150 

.0529 

188 

-.2181 

.0322 

.0736 

-.0491 

189 

— • 2 797 

.0161 

.1078 

-.1083 

190 

.0319 

-.1263 

-.0634 

-.0604 
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TABLE  11—6  AIRPLANE  VIBRATION  *DOE  SHAPES  . PINAL  S^PP^SS  DFSIG* 


AKTI  Sy^v|CTP  IC  , LCW  GP^SS  WEIGHT 


RHW 

MODE  17 

MOnE  18 

MODE  19 

MODE  20 

191 

.0050 

.1218 

.0506 

• 0645 

192 

-.0006 

.0007 

-.0000 

.0011 

193 

-.0864 

.0067 

-.0058 

-.0145 

194 

-.0412 

-.0222 

.0114 

-.0446 

195 

-.0000 

-.0000 

.0000 

-.0000 

196 

-.0036 

.0003 

.0007 

-.0022 

197 

-.0036 

.0003 

.000  7 

-.0022 

198 

-.0035 

.0003 

.0007 

-.0022 

199 

-.0035 

.0003 

.0007 

-.0022 

200 

-.0034 

.0003 

.0007 

-.0021 

201 

-,00?3 

-.1886 

.0548 

.1779 

202 

.0230 

-.0381 

.0092 

.0253 

203 

.0439 

.0547 

-.0177 

-.0568 

204 

.0670 

.1028 

-.0301 

-.0796 

205 

.1266 

.1063 

-.0258 

-.0172 

206 

-.0034 

.0003 

.0007 

-.0021 

207 

-.0033 

.0003 

.0007 

-.0021 

208 

-.0032 

.0002 

.0006 

-.0020 

209 

-.0030 

.0002 

.0005 

-.0018 

210 

-.0026 

.0003 

.0004 

-.0016 

211 

-.0020 

.0004 

.0003 

-.0012 

212 

-.0015 

.0004 

.0002 

-.0008 

213 

-.0010 

.0004 

.0001 

-.0005 

214 

-.0006 

.0004 

.0000 

-.0002 

215 

-.0003 

.0003 

.0000 

-.0001 

216 

-.0003 

.000? 

-.0000 

-.0000 

217 

-.0003 

.0002 

-.0000 

-.0000 

218 

-.0005 

.0001 

-.0000 

-.0001 

219 

-.0008 

.0000 

-.0000 

-.0001 

220 

-.0012 

.0000 

-.0001 

-.0000 

221 

-.0017 

.0000 

-.0001 

.0001 

22? 

-.0023 

.0001 

-.0001 

.0003 

223 

-.0C29 

.0000 

-.0002 

.0003 

224 

.1463 

.0864 

-.0164 

.02  39 

225 

.1651 

.0443 

-.0001 

.0360 

226 

.1591 

-.0043 

.0154 

.12  79 

227 

.1301 

-.0499 

.0270 

.1M9 

228 

.0«<»3 

-.0774 

.0330 

. 12  36 
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Table  1 1-6.— (Concluded) 

V 

jr 

AMT  I $ YVvr  TR I C v ICW  GROSS  WFIGHT 


now 

Mnpc  17 

rtnoc  IB 

MOO?  19 

MODE  20 

«- 

22  9 

.0341 

—.0883 

.0339 

.0877 

230 

-.0073 

-.0874 

.0304 

.0517 

231 

-.0346 

-.0781 

.0237 

.0236 

V 

23? 

-.0446 

-.0637 

.0150 

.0049 

233 

-.0409 

-.0472 

.0060 

-.0078 

234 

-.0310 

-.02^7 

-.0014 

-.0168 

- 

23b 

-.0145 

-.0139 

-.0067 

-.0187 

236 

.0062 

-.0025 

-.0093 

-.0159 

237 

.0231 

.0063 

-.0106 

-.0087 

238 

.0419 

.0147 

-.0106 

.0056 

239 

.0643 

.0209 

-.0093 

.0235 

240 

.0«41 

.0242 

-.0084 

.0401 

241 

.1380 

.0107 

-.0008 

.0339 

242 

-.003^ 

-.0001 

-.0001 

.0004 

6 

243 

-.004-? 

-.0003 

-.0002 

.0005 

l 

244 

-.0057 

-.0004 

-.0002 

.0007 

\ 

245 

-.0058 

-.0004 

-.0002 

• OOOd 

K. 

246 

• 20cl 

-.0132 

.0124 

.0092 

247 

• 145° 

-.0312 

.0209 

-.02  85 

V 

248 

-.0590 

.0157 

-.0053 

.0041 

f. 

249 

-.41^2 

.0983 

-.0549 

.0820 

2 50 

-.0073 

-.0005 

-.0003 

.0011 

251 

-.0032 

.0005 

-.0004 

.0006 

252 

.2164 

-.0338 

.0244 

-.0425 

253 

-.2430 

.0477 

-.0272 

.0414 

254 

-.4932 

-.0342 

-.0182 

.0726 

' 

255 

-.0055 

-.0004 

-.0002 

.0007 

* 

256 

-.0020 

.000  3 

-.0002 

.0003 

257 

.4947 

.0495 

.0160 

-.0696 

> 

258 

.090? 

.1147 

-.0308 

-.0541 

'■ 

259 

.2100 

-.0363 

.02  32 

-.0193 

i 

260 

-.0042 

-.0002 

-.0001 

.0004 

f 


v 


I 


" ^ 


ft 


I Table  1 1-7. -Preliminary  Symmetric  Vibration  Mode  Frequencies 

| * W/Vj/j  Gross  Weight  Condition 


| 


f 

* 

Wing  structure 

t 

Mode 

Initial  design 

Initial  design  with  stiffened  tip  and  aileron  I 

i c 

i 

6-kip/in.  engine  beams 

9 kip/in.  engine  beams 

27  kip/in.  engine  beams 

? 

r 

1 

l.GoHz 

1.02Hz 

1.03Hz 

4 

2 

1.26 

1.24 

1.24 

4 

3 

1.47 

1.65 

1.65 

L 

„ c 

4 

1.93 

1.98 

2.13 

- 

5 

2.17 

2.30d 

2.40 

r 

6 

2.28 

2.32 

2.75 

«■ 

1 

7 

2.74 

2.75 

2.78a 

r 

8 

2.93 

2.98 

3.10 

* 

L 

9 

3.54^ 

3.53 

3.58 

C 

1 

; c 

10 

3.64 

3.69 

3.76 

11 

3.85 

3.83 

3.89 

i 

i 

12 

4.08 

4.40  | 

4.45 

13 

4.38 

4.72 

4.74 

i 

14 

4.64 

5.32  1 

5.37 

'■ 

15 

4.86 

5.65  ! 

5.78 

16 

5.42 

6.08 

6.10 

: ~ 

17 

6.00 

6.42 

6.48 

c 

4 

18 

6.10 

6.97  j 

6.97 

aOutbodrd  nacelle  resonance. 
^Landing  gear  resonance. 


I 


. l 


i. 


i 
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Table  1 1 *§.  —Preliminary  Symmetric  Wing  Flutter  Results 


M = 0.9— High  Gross  Weight  Condition 


Wing  structure 

Wing  trail*'  g edge  condition  J 

a Attached  f 

| b Detached  | 

Flutter 

speed, 

KEAS 

Frequency, 

Hz 

Flutter 

speed 

KEAS 

Freer  .ency, 

Hz 

Initial  design 

181. 0a 

2.18 

372.0 

1.71 

6-kips/in.  engine  beams 

27P  n 

3.58 

306  0 

3.55 

Initial  design  with  stiffened 

217.0  c 

2 29 

401.0 

1.75 

tip  and  aileron,9  kips/in.  engine  beams 

420.0 

3.67 

415.0 

3.66 

Initial  design  with  stiffened 

436.0 

1.90 

426.0 

i.90 

tip  and  aileron,27-kips  in.  engine  beams 

435.0 

3.72 

437.0 

3.71 

a “Attached"  refers  to  the  attachment  of  the  wing  trailing 
edge  structure  to  the  engine  support  beam,  thus  causing  the 
trailing  edge  to  follow  the  engine  translation. 

b “Detached"  refers  to  tne  isolation  of  the  wing  trailing  edge 
structure  such  that  th  * trailing  edge  does  not  follow  the 
engine  translation, 

c 20000-ft  solution,  Mach  number  not  matched. 

Clearance  speed  (1.2  V q)  : 504  K E AS. 

Bare  wing  flutter  speeo  (no  nacelles  and  fin).  413  KEAS,  5.7  Hz, 
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Table  1110.- Strength  Resized  Wing  Flutter  With  Initial  Stiffness  Constraints 
Symmetric- High  Gross  Weight  Condition 


Stiffness 

design 

modification 

number 

Strength  resized  wing 
inboard  of  fina 

Wing  flutter  speed  ratio,  (actual/goal) 
goal  = 504  KEAS  at  M =•  0.9 

Flutter  frequencies 

Wing  tip 

Lowspeed  controls 
(stiffened  aileron) 

1.9Hz 

2.4Hz 

3.4Hz 

4.4Hz 

2 

Initial  design 

Locked 

0.744 

0.768 

0.817 

0.966 

1 

Stiffened 

Locked 

0.817 

0.849 

1.0*2 

- 

3 

Stiffened 

Unlocked 

0.817 

1 

0.837 

1 

0.909 

- 

a27-kip/in.  engine  beams 
(4.5  x strength  design) 


Equivalent  airspeed,  kn 


Mach  number 


Figure  11-1 Arri'w  Wing  Flutter  Boundary , 969-512B 


Requited  flutter  speed,  50^  knots  EAS  (M  - 0.9) 


Figure  11  -2.-  Effect  of  Structural  Changes  on  Critical  Symmetric  Flutter  (1.9  HZ I 


Thickened 


Figure  113.  —Final  Stiffness  Design  Modification  9 


Retained  node 
Spline 
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Figure  1 1-6.— Wing  Retained  Nodes  and  Mode  Interpolation  Beam  Splines 


Figure  1 1-7.— Wing  Edge  Nodes  for  Vibration  Mode  Shapes 


] 


»|i* 


I 


I 
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Figure  1 1-8.-  Freedoms  for  Rigid  In-Plane  Motion  of  Vibration  Modes 


Figure  7 7-7  h -Airplane  Vibration  Mode  3— Final  Stiffners  Design 


Figure  1 1 *4  —Airplane  Vibration  Mode  6- Final  Stiffness  Design 


Figure  1 1-1 5. -Airplane  Vibration  Mode  7- Final  Stiffness  Design 


Figure  1 1 -19.—  Airplane  Vibration  Mode  1 1— Final  Stiffness  Design 
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Figure  1 1-25.- Airplane  Vibration  Mode  17- Final  Stiffness  Design 


(b)  Nine  Input  Points  Per  Chord  Cl  ^nPut  points 

O Interpolated  points 


Figjre  1 1 27. -Typical  Surface  Spline  Interpolation 


Figure  1 1-28.  — Rho  III  Down  wash  Collocation  Points 


M ' 


Figure  1 1 32a.- Effect  of  Nacelle  Beam  Stiffening  on  Modal  Coupling 


Arrow  wing  preliminary  vibration  modes 


Symmetric  20  freedoms  M 0.9  f 720  0001b,  c.g.  51% 


Wing,  outboard  fin, 
and  inboard  nacelle 


Wing,  outboard  fin 
and  nacelles 


I 


Initial  wing  design  with 
stiffened  tip  and  aileron, 
and  9 kips/in.  engine  beams 


Wing  + Wing  + < 

tail  * tail  + fin 

airloads  airloads 


Airplane 

result 

217.0  KEAS 


c 

c 

-t- 

hT 

•O 

T3 

w 

w 

CO 

ro 

O 

O £ 

-O 

_Q  ,® 

3 0» 

3 £ 
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o ° 

fo 

CT)  C 

cr  = 

c *c 

c -o 
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$ s 
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ency  flutter,  1.9  Hz 


Components 


Symmetric  W=711  000  lb. 


Figure  1 1-35.-Effect  of  Control  Locks  on  a Vibration  Mode 


Symmetrical 


Figure  1 1-36- Low  Frequency  Flutter  Mechanism 


.L 


I *, 


V. 


V. 


Symmetric  T.9H2  flutter  mechanism  (20  freedoms) 


i r 

i 


Energy  balance  of  kev  freedoms 


L.I 
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Figure  1 1-37  - Generalized  Force  Loops  and  Energy  Balance 


Low  speed 


|e ! 

5 1 £ 

< 8 ■£ 


Low-speed  control  locks. 
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Symbols  and  Abbreviations 


A 

Area 

FT 

Feet 

FWD 

Forward 

IBFI.N-ACT 

Inboard  flaperon  actuator 

IBFLP-ACT 

Inboard  flap  actuator 

IN 

Inches 

IN2 

Inches  squared 

K 

1000  pounds 

L.E. 

Leading  Edge 

Lb,  lb 

Pounds 

LEIF 

Leading  edge  inboard  flap 

LEOF 

Leading  edge  outboard  flap 

PPD 

Prototype  point  design 

PT 

Prototype 

REF 

Reference 

SECT 

Section 

SQ 

Square 

SRP 

Structural  reference  plane 

SST 

Supersonic  transport 

t 

Thickness 

t 

Equivalent  thickness 

T.E. 

Trailing  edge 

TEIF 

Trailing  edge  inboard  flap 

Symbols 

(Concluded) 


TEIFN 

Trailing  edge  inboard  flaperon 

TE1S 

Trailing  edge  inboard  spoiler 

TEOA 

Trailing  edge  outboard  aileron 

TEOFN 

Trailing  edge  outboard  flaperon 

TEOS 

Trailing  edge  outboard  spoiler 

TES 

Trailing  edge  spoiler 

TESD 

Trailing  edge  spoiler/slot  deflector 

TI 

Titanium 

WC 

Wing  contents 

WL 

Water  line 

WT 

Weight 

A 

Delta-incremental 

P 

Density 

<t> 

Unit  weight 

<L 

Centerline 

°F 

Degrees  fahrenheit 

# 

Pounds 

% 


Percent 


SECTION  12 


WEIGHT  ANALYSIS 

WEIGHT  DISTRIBUTION  OF  MASS  MODELS 


INTRODUCTION 

Separate  mass  matrices  are  required  for  the  integrated  structural  analysis  as  shown  in 
figure  12-1:  one  for  the  aeroelastic  loads  analysis  and  the  other  for  the  flutter  analysis. 
These  are  obtained  from  a preliminary  weight  and  balance  estimate  of  the  airplane 
which  is  required  before  this  mass  distribution  can  begin.  Except  for  those  items 
outlined  later,  the  Task  I weight  and  balance  estimate  of  the  model  969-5 12B  airplane 
shown  in  table  1-10  was  used  as  input  data  for  the  Task  II  mass  distribution  in  the 
integrated  computer  analysis.  Figure  12-2  shows  the  method  by  which  the  various 
components  of  the  operational  empty  weight,  payload  and  fuel  are  distributed  for  the 
flutter  analysis. 

WING  AND  CONTENTS 

The  weight  of  the  wing  structure  and  contents  is  distributed  into  the  mass  model  a 
number  of  ways.  The  wing  box  primary  structure  is  built  up  as  an  assembly  of  spars, 
ribs  and  cover  elements  such  as  shown  in  figures  12-3  and  12-4.  The  weight  of  these 
structural  elements  is  automatically  calculated  from  the  material  density  and  volume 
required  to  satisfy  the  structural  requirements. 

To  this  must  be  added  the  nonoptimum  structure  consisting  of  pad-up,  fasteners, 
fittings,  etc.,  to  arrive  at  a practical  airframe  weight.  The  theoretical-to-actual  weight 
factor  is  input  as  a percentage  of  the  cover  material,  spars,  ribs  and  beams.  The 
derivation  and  a more  defied  explanation  of  the  theoretical-to-actual  factor  is 
discussed  in  later  paragraphs. 

The  surface  panels,  including  honeycomb  ore  and  braze,  and  the  main  landing  gear 
doors  are  entered  in  the  program  as  plate  mass  elements  and  distributed  as  a uniform 
load  over  the  area  covered. 

Some  of  the  miscellaneous  items  in  the  wing  box,  such  as  fairing,  fuel  system 
provisions,  aerodynamic  fences  and  jacking  provisions  are  treated  as  rods,  plates  or 
point  masses,  whichever  is  appropriate  based  on  the  shape  similarity. 

The  wing  box  contents  can  be  treated  as  a two-dimensional  uniform  load.  The  spanwise 
distribution  is  shown  in  figure  12-5.  The  chordwise  distribution  of  the  wing  contents  is 
plotted  in  a similar  manner.  Two  sample  span  locations  for  chordwise  distribution  of  the 
wing  contents  are  shown  in  figure  12-6 


Figure  12-7  shows  the  weight  of  the  wing  leading  edge  structure  and  contents  as  a 
function  of  the  leading  edge  length.  Similarly,  figure  12-8  shows  the  wing  trailing  edge 
structure  and  contents. 

The  weight  distributions  given  in  figures  12-5  through  12-8  were  determined  from  the 
Model  969-336C  and  are  considered  typical  for  an  Arrow  Wing  configuration.  These 
types  of  weight  distributions,  while  not  presently  automated  into  the  ATLAS  program, 
were  used  as  guides  in  distributing  wing  secondary  structure  and  contents  of  the  model 
969-512B. 


The  weight  of  the  leading  and  trailing  edge  structure  and  the  wing  contents  are  defined 
in  terms  of  the  mass  panels  shown  in  figures  12-9  and  12-10. 

The  mass  panel  definitions  selected  for  the  mass  input  into  the  ATLAS  program  are 
selected  on  a basis  which  most  nearly  represents  the  physical  mass  distribution.  The 
ATLAS  program  has  an  internal  capability  to  automatically  lump  these  input 
distributions  to  provide  a mass  matrix  consistent  with  the  retained  structural  nodes  for 
the  aeroelastic  loads  and  flutter  analyses.  Examples  of  the  automatic  relumping  are 
shown  in  figures  12-11  and  12-12  for  the  aeroelastic  load  analysis  and  flutter  analysis, 
respectively. 

Tables  12-1  and  12-2  tabulate  the  wing  mass  distributions  associated  with  the  panels 
identified  in  figures  12-9  and  12-10.  Inertia  data  are  generated  within  the  analysis 
module. 

BODY  AND  CONTENTS 

The  body  structure  and  contents  are  plotted  as  a one-dimensional  running  load  in  figure 
12-13.  The  concentrated  loads  of  galleys  and  contents  at  the  galley  doors  are  identified, 
as  well  as  the  build-up  of  the  monocoque  weight  at  the  front  spar.  This  plot  does  not 
include  the  wing-body  intersection,  passengers  or  cargo  weights. 

The  wing-’  t dy  intersection  is  included  in  the  mass  model  as  part  of  the  body.  This 
consists  of  the  wing  inboard  of  buttock  line  55  and  includes  the  wing  carry  through 
center  section. 

The  passengers  and  cargo  are  shown  as  a one-dimension  1 load  distribution  in  figure 
12-14.  The  chart  shows  a full  payload  condition.  This  is  modified  for  partial  load 
conditions,  such  as  forward  and  aft  center  of  gravity  conditions. 

Figure  12-15  gives  the  body  nodes  associated  with  the  mass  panels  used  in  the  airplane 
modeling.  The  body  structure  and  contents,  wing-body  intersection,  passengers  and 
cargo,  are  all  modeled  as  point  masses  on  these  nodes  for  aeroelastic  loads  analysis  and 
as  concentrated  loads  for  the  flutter  analysis.  Required  body  inertia  data  is  generated 
within  the  loads  analysis;  however,  the  flutter  analysis  requires  roll  inertia  of  the  body 
structure  and  contents  as  input  for  the  antisymmetric  design  conditions. 
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EMPENNAGE 


T .wight  of  the  wing  mounted  vertical  fin,  the  body  mounted  vertical  tail,  and  the 
horizontal  tail  are  all  input  as  a set  of  come  vtrated  masses  in  the  mass  model  for  the 
aeroelastic  loads  analysis.  These  data  are  shown  in  figures  12-16,  12-17  and  12-18.  The 
corresponding  inertia  data  is  generated  within  the  computer  program. 

The  modeling  of  the  empennage  for  the  flutter  analysis  differs  from  the  ac-oelastie 
loads  analysis  in  that  the  body  mounted  vertical  tail  and  horizontal  tail  are  each 
modeled  as  single  lump  masses  with  weight  cat  ter  of  gravity  and  three-axis  inertia 
information.  The  wing  mounted  vertical  fin  is  input  as  a set  of  concentrated  masses 
similar  to  that  on  aeroelastic  loads  analysis. 

NACELLES 

The  engine  nacelles  are  input  as  a set  of  concentrated  masses  in  the  aeroelastic  toads 
analysis  and  as  single  lump  masses  in  the  flutter  model  as  shown  in  figurel2-19. 

LANDING  GEAR 

For  the  aeroelastic  load  analysis,  the  nose  gear  is  treated  as  two  concentrated  masses  in 
the  up  position  and  as  a single  concentrated  mass  in  the  gear  down  position.  The  main 
gear  is  paneled  as  a single  cone!  ntrated  mass  in  both  the  gear  up  and  down  position. 
The  landing  gear  is  input  as  lumped  masr  xs  along  with  inertia  data  for  the  flutter 
analysis. 

FUEL 

The  fuel  tank  arrangement  along  with  tank  capacities  for  the  model  969-5 12B  are 
discussed  in  Section  1 and  are  shown  in  figure  1-29.  A balance  diagram  with  center  of 
gravity  limits  and  fuel  management  for  the  maximum  gross  weight  condition  is  shown 
in  figure  1-30,  and  discussed  in  section  1.  The  fuel  distribution  by  tanks  was  calculated 
for  each  of  the  27  design  conditions  while  observing  the  center  of  gra  ,x.j  limits  and  fuel 
management  sequence  as  outlined  in  section  1.  These  fuel  quantities  were  translated 
into  percentage  of  tank  capacities  and  distributed  into  consistent  mass  panels  as 
described  previously.  The  body  fuel  is  input  as  a set  of  point  masses  in  the  aen. dynamic 
loads  analysis  and  as  concentrated  masses  in  the  flutter  analysis. 

THEORETICAL  TO  ACTUAL  FACTORS 

The  finite  element  analysis  produces  the  weight  of  the  theoretically  designed  structural 
elements.  To  this  primary  structure  must  be  added  the  weight  of  the  nnnoptimum 
structure  to  convert  from  the  theoretical  to  the  practic-*’,  ah.'rame  weight  os  shown  in 
figure  12-20.  Figure  12-21  gives  a descriptive  example  of  these  nonoptimum  structural 
items  in  a honeycomb  wing  surface  panel.  These  consist  of:  skin  pad-ups  along  the  panel 
edges  and  access  doors,  the  basic  honeycomb  core,  the  dense  core  along  the  panel  edges, 
the  braze  material  and  miscellaneous  items  such  as  access  doors,  fuel  system  provisions, 
fairings,  etc. 


The  theoretical- io-actual  structural  factors  used  in  the  Arrow  Wing  program  were 
derived  from  design  details  from  the  National  SST  program.  The  weight  of  the  basic 
structural  gages  were  compared  with  the  calculated  weight  of  the  released  structural 
drawings  to  arrive  at  the  theoretical-to-actual  factors.  Figure  12-22  shows  the  sections 
of  the  National  SST  wing  box  which  were  used  to  develop  the  factors  for  the  skin  panels 
shown  in  the  curves  on  figure  12-23.  Table  12-3  gives  a tabulation  of  total  skin  panel 
weight  and  the  basic  skin  weight  on  wh;ch  the  theoretical-to-actual  factors  are  based. 

There  are  two  sets  of  curves  plotted  in  figure  12-23,  one  for  the  prototype  airplane  <PT) 
and  the  other  f * prototype  point  design  (PPD).  The  lower  values  of  the  PPD  curve 
represents  a production  airplane  and  was  used  on  the  Model  969-512B  in  this  study.  The 
PT  airplane,  however,  had  more  design  detail  and  helped  to  substantiate  the  slope  of 
the  curve.  These  curves  show  that  the  lighter  basic  skin  gage  or  thickness  results  in  a 
greater  theoretical-to-actual  conversion  factor.  This  is  primarily  due  to  the  fastening 
complications  and  resulting  pad-ups  i the  panel  edges.  The  correcrion  factor  for  the 
lower  surface  is  larger  than  the  upper  surface  because  of  the  many  cutouts  in  the  lower 
surface.  As  can  be  seen  on  figure  12-23,  outboard  wing  section  17  does  not  plot 
consistently  with  the  remainder  of  the  wing  sections.  It  was  found  that  this  additional 
wing  tip  cover  material  was  required  to  disperse  concentrated  loads  from  both  the 
leading  edge  and  trailing  edge  flaps  accounting  for  the  relatively  high 
theoretical-to-actual  conversion  factor.  The  model  969-512B  has  a similar  outboard  wing 
tip  section,  but  these  higher  factors  were  not  considered  appropriate  as  the  basic  gage  of 
this  area  was  doubled  to  help  alleviate  the  flutter  problem. 

A review  of  the  honeycomb  core  weights  on  the  National  SST  Program  showed  that 
approximately  25  percent  must  be  added  to  the  upper  surface  and  30  percent  to  the 
lower  surface  basic  core  weight  to  account  for  the  dense  core  around  the  panel  edges  and 
access  holes.  Similar  percentages  must  be  added  to  the  basic  braze  weight  to 
accommodate  tht  dense  core  at  the  panel  edges.  Figure  12-24  gives  a summary  of  the 
method  of  estimating  the  structural  weight  of  the  wing  box  cover  elements,  starting 
with  tl*  theoretical  structure  weight  generated  by  ATLAS. 

A study  similar  to  that  for  the  surface  panels  was  made  to  determine  the 
theoretical-to-actual  conversion  factors  of  the  spars  and  ribs  on  the  National  SST 
Program  wing.  It  was  found  that  the  average  factor  for  all  spars  was  15%  of  the 
theoretical  structural  weight  and  18%  for  all  ribs. 

Figure  12  25  summarizes  the  use  of  the  iheorectical-to-ac!ual  conversion  factors  in 
combination  with  the  ATLAS  structural  weights  to  calculate  a total  structural  wing  box 
weight. 


WEIGHT  CHANGES  AS  A RESULT  OF  STRUCTURAL  ANALYSIS 

Table  12-4  shows  three  wing  weights:  (lithe  Task  I wing  weight  estimate,  94,160 
pounds,  (2)  a re-estimate  with  preliminary  stiffness,  101,820  pounds,  and  (3)  a 
structurally  resized  wing  with  preliminary  stiffness,  92,310  pounds. 


Column  (1)  of  table  !2-4  shows  the  Task  I preliminary  wing  weight.  The  weight  was 
based  on  the  model  969-336C  with  weight  revisions  added  for  changing  material  from 
stress  skin  to  aluminum  brazed  titanium  honeycomb,  for  changing  the  wing  planform 
and  flap  configuration  for  Model  969*51 2B,  for  increasing  the  gross  weight  from  635,000 
to  750,000  pounds  and  other  miscellaneous  design  changes. 

Column  (2)  is  a revised  estimate  of  Model  969-512B  wing  based  on  the  ATLAS  resized 
structural  box.  modified  for  preliminary  stiffness  increases.  The  preliminary  stiffness 
increases  consist  of  doubling  the  outboard  wing  tip  spars  and  covers,  quadrupling  the 
outboard  aileron  cover  material  and  stiffening  the  engine  beams. 

The  breakdown  of  the  7,660  pound  increment  between  Column  (1)  and  (2)  is  as  follows: 

Outboard  aileron  stiffness  increase  + 840  lbs. 

Outboard  wing  tip  stiffness  increase  + 3,122  lbs. 

Increase  associated  with  initial  sizing  + 3,698  lbs. 

+ 7,660  lbs. 

Column  (3)  is  the  weight  of  the  wing  as  resized  by  ATLAS  inboard  of  the  wing  mounted 
fin,  while  retaining  the  sizing  for  stiffness  in  the  outboard  aileron  and  wing  tip  region. 

The  distribution  of  9,510  pound  reduction  is  as  follows: 

Reduction  of  cover  material 
Reduction  ot  spar  material 
Reduction  of  rib  material 
Increase  of  beam  material 

- 9,510  lbs. 


- 4,910  lbs. 

- 2,556  lbs. 

- 2,066  lbs. 

+ 22  lbs. 


Similarly,  the  wing  mounted  vertical  fin  weight  was  revised,  based  on  the  ATLAS 
structural  resizing.  The  Task  I fin  weight  estimate  was  2,470  pounds  per  airplane.  The 
Task  II  revision  based  on  the  resized  elements  was  2,850  pounds,  or  a 380  pound 
increase  per  airplane.  Figure  12*26  shows  the  wing  mounted  fin  with  this  initial 
structural  sizing,  and  table  12*5  presents  a detailed  weight  breakdown. 

ADDITIONAL  WEIGHT  REQUIRED  FOR  STIFFNESS 

The  92,310  pound  strength  designed  wing  with  preliminary  stiffness  was  not  flutter 
free.  Eight  additional  flutter  analyses  were  completed  with  various  stiffness  design 
modifications.  The  final  wing  weighed  95,760  pounds  and  included  7,412  pounds  of 
structural  changes  to  satisfy  the  flutter  criteria.  These  stiffness  design  modifications 
are  outlined  in  more  detail  in  section  11. 

Table  12*4  tracks  the  Model  969-5 12b  wing  weight  from  Task  I through  the  ATLAS 
resizing  with  preliminary  stiffness.  Table  12-6  tracks  the  wing  weight  changes  through 
the  wing  "fixes”  to  satisfy  the  flutter  criteria.  Table  12-7  gives  a tabulation  of  the 
flutter  "fixes”  and  correlates  them  with  the  same  nine  stiffness  design  modification 
steps  as  shown  in  the  wing  weight  tabulation  in  table  12*6. 
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Several  revisions  were  also  made  to  the  wing  mounted  vertical  fins  to  satisfy  the  flutter 
requirements.  These  modifications  included  increased  skin  gages,  spars  and  ribs,  as  well 
as  the  addition  of  an  intermediate  horizontal  rib.  However,  there  was  a decrease  in  the 
sizing  of  the  base  rib. 

The  Task  II  wing  mounted  fins  with  initial  sizing  weighed  2,850  pounds.  Stiffness 
design  modifications  added  another  470  pounds  for  a total  of  3,320  pounds  per  airplane. 
Figures  12-27,  12-28  and  12-29  show  the  structural  modifications  for  the  final  stiffness. 
Table  12-5  gives  a detail  weight  comparison  of  the  fin  with  initial  sizing  and  the 
modifications  for  the  final  stiffness. 

GROUP  WEIGHT  STATEMENT,  MODEL  969-512B 

Table  12-8  shows  the  Model  969-5 12B  group  weight  statements  for  Task  I and  Task  11 
and  the  weight  increments. 

The  1,600  pound  increase  in  wing  weight  is  the  net  weight  change  as  a result  of  the  ten 
cycles  of  analysis  necessary  for  strength  design  and  flutter  prevention.  This  weight 
includes  1,812  pounds  reduction  due  to  structural  resizing  for  strength,  and  3,412 
pounds  increase  for  the  final  flutter  stiffness  modifications. 

The  850  pound  wing  mounted  vertical  tail  weight  increase  includes  380  pounds  for 
strength  design  for  Task  II.  and  470  pounds  for  the  final  stiffness  modification  for 
flutter. 

A study  was  made  to  determine  the  fuel  temperature  rise  during  supersonic  cruise  on 
the  Model  969-512B.  The  results  showed  a minimum  requirement  of  1,530  pounds  of 
fuel  tank  insulation  to  keep  the  fuel  below  the  160°  limit.  This  is  720  pounds  over  the 
810  pounds  allowed  for  in  the  Task  I weight  statement.  This  item  is  discussed  further  in 
section  1 3. 
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Table  12 * l.—Wing  Leading  Edge  and  Trailing  Edge  Structure-Mass  Input  Elements 


Trailing  edge  structure  | 

Element 

Unit  weight 

number 

Ib/in2 

TE-1 

0.0402 

TE-4 

0.0402 

TE-5 

0.0402 

TE-6 

0.0402 

TE-7 

0.0402 

TE-10 

0.0402 

TE-11 

0.0402 

TE  12 

0.0402 

TE  15 

0.040? 

TE-16 

0.C402 

TE-17 

0.0402 

TE  18 

0.0402 

TE-1 9 

0.0402 

IE-21 

0.0402 

TE-22 

0.0402 

TEIF 

0.0235 

TEIFN 

0.0116 

TEOFN 

0.0201 

TEOA 

0.0275 

TElS-1 

0.0521 

TEIS-2 

0.0521 

TEOS-1 

0.0521 

TEOS-2 

0.0521 

TESD-1 

0.0509 

Leading  edge  structure  | 

Element 

number 

Unit  weight 
Ib/tn2 

LE-2 

0.0762 

LE-3 

0.0762 

LE-4 

0.0650 

LE-5 

0.0650 

LE-6 

0.0428 
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Table  12-2.—  Wing  Contents— Mass  Input  Elements 


Leading  edge 

Wing  box  | 

Element 

Weight. 

Element 

Weight. 

number 

lb 

number 

lb 

LEIF-1 

317.0 

WC  17 

263.8 

LEIF-2 

217.0 

WC-18 

643.7 

LEIF-3 

233.0 

WC-19 

597.6 

LEOF-1 

35.0 

WC-20 

404.9 

LEOF-2 

35.0 

WC-21 

86.5 

LEOF-3 

35.0 

WC-22 

815.7 

LEOF-4 

35.0 

WC-23 

1045.0 

LEOF-5 

35.0 

WC-30 

67.7 

WC-31 

380.4 

WC-32 

396.1 

WC-33 

257.2 

i 

WC-34 

374.7 

| Trailing  edge 

WC-35 

220.6 

Element 

Weight. 

WC-36 

446.9 

number 

lb 

WC-41 

296.8 

WC-42 

183.4 

TE-1 

38.0 

WC-43 

208.7 

TE-4 

557.5 

WC-44 

409.7 

TE-5 

87.5 

WC-45 

175.1 

TE-6 

124.5 

WC-46 

658.3 

TE  10 

315.0 

WC-52 

352.0 

TE-1 1 

87.5 

WC-53 

175.7 

TE  18 

20.0 

WC-54 

142.6 

TES-1 

236.0 

WC-55 

224.2 

TES-2 

246.5 

WC-56 

3.7 

TES-3 

330.5 

WC-59 

31.0 

TES-4 

95.5 

WC-60 

63.9 

TES-5 

123.5 

WC-61 

51.9 

IBFLP  ACT 

198.25 

WC-62 

58.3 

IBFLP- ACT 

198.25 

WC-63 

55.1 

IBFLIM-ACT 

133.8 

WC-68 

18.4 

IBFLN  ACT 

133.8 

WC-69 

49.1 

IBFLN- ACT 

133.8 

WC-70 

82.3 

OBFLN-ACT 

107.0 

WC-71 

82.9 

OBFLN-ACT 

107.0 

WC-77 

0 

OBFLN-ACT 

107.0 

VVC-78 

0 

OBAIL-ACT 

118.3 

WC-79 

0.1 

OBAIL-ACT 

118.3 

WC-80 

53.6 

OBAIL  ACT 

118.3 

WC-83 

0 

WC-84 

0 

WC-85 

52.3 

WC-90 

0 

WC-91 

0 

! 
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Table  12-3.— Aluminum  Brazed  Titanium  Honeycomb  Panels— Skin  Weight  and  t 


- 

Total 

Basic 

Pad-up 

Average 

u 

skin  weight. 

skin  weight. 

percent  of 

X, 

F w 

f 

inner 

inner 

Pad-up 

basic 

inner 

Wing  section 

plus  outer,  lb 

plus  outer,  lb 

weight,  lb 

skin 

plus  outer,  lb 

3 

Section  11  outbd 

4968 

4529 

439 

9.7 

0.211 

% 

PPD  upper 
Section  1 1 outbd 

5266 

4467 

799 

17.9 

0.208 

* [ 

PPD  lower 

- U 

T- 

Section  1 1 center 

600 

541 

59 

10.9 

0.141 

\ 

t 

PPD  upper 

i 

Section  11  center 
PPD  lower 

717 

622 

95 

15.3 

0.162 

5 

Section  12 

3519 

3195 

324 

10.1 

0.130 

t 

PT  upper 

; C 

Section  12 

3972 

3278 

694 

21.2 

0.133 

PT  lower 
Section  13 

954 

763 

191 

25.0 

0.087 

v 

PT  upper 

- 

Section  14 
PPD  upper 

791 

547 

244 

44.6 

0.034 

* 

Section  14 

1000 

675 

360 

53.3 

0.043 

* £ 

PPD  lower 

Section  14 
PT  upper 

812 

547 

265 

48.4 

0.034 

i 

Section  14 
PT  lower 

1058 

675 

383 

56.7 

0.043 

Section  15 

253 

171 

82 

48.0 

0.027 

; V 

PPD  upper 

; t 

Section  15 

471 

298 

173 

58.1 

0.034 

PPD  lower 

Section  15 

263 

171 

92 

53.8 

0.027 

PT  upper 

Section  15 
PT  lower 

537 

337 

200 

59  3 

0.038 

; * 

Section  1 7 outbd 

1309 

957 

352 

36.8 

0.121 

? 

PT  upper 

i 

Section  17  outbd 

1340 

957 

383 

40.0 

0.121 

* 

£ 

PT  lower 

PPD  = National  SST  prototype  point  design  airp'ane 
PT  = National  SST  prototype  airplane 
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Table  12-4.—  Wing  Structural  Weight  Change,  Mode / 969-51 LB 
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Table  12-5.-Wing  Mounted  Fin  Weight  Comparison , Model 969-  51 2B 


Structural  box 

Honeycomb  panels 
Skin 

Core  (3/4  in.) 
Braze 
Spars 
Chords 
Webs 
Base  rib 
Chords 
Web 

Intermediate  rib 
Chords 
Web 

Remaining  ribs 
Chords 
Webs 

Leading  edge 
Skin 

Core  (full  depth) 
Braze 

Trailing  edge 
Skin 

Core  (full  depth) 
Braze 
Tip 

Skin 

Core  (full  depth) 
Braze 

Miscellaneous  (3%) 


Total  side 
Total /air  pi  are 

AWeight  — 


1235.0 

2470.0 


Initial 

sizing 

Final  1 
stiffness 

lb 

lb 

320.9 

410.4 

145.9 

145.9 

83.5 

83.5 

185.8 

197.0 

34.1 

41.4 

147.1 

113.3 

34.3 

28.7 

62.6 

18.5 

168.5 

173.9 

33.4 

38.3 

58.9 

76.9 

42.7 

42.7 

24.2 

24.2 

19.3 

19.3 

29.5 

29.5 

15.4 

15.4 

14.3 

14.3 

17.8 

17.8 

9.8 

9.8 

39.6 

46.6 

1425.0 

1610.0 

2850.0 

3320.0 

Talic'e  12-6. -Wing  Stiffness  Weight  Change,  Model  969-51 2B 


* K 


Table  12-7. -Wing  Stiffness  Design  Modifications-Model  969-51 2B 


Stiffness  design  modification 

Double  wing  tip  spars  and  covers 
Quadruple  outboard  aileron  covers 
Aileron  control  locks 
Stiffened  engine  beams 
Double  all  wing  box  spars  and  ribs 
Triple  wing  tip  spars  and  covers 

Increase  spars,  ribs,  and  covers 
50%  between  vertical  fin  and  kink  rib 

Triple  fin  support  rib 

Stiffen  trailing  edge  spar 

Add  outboard  nacelle  diffusion  ribs 

Increase  outboard  wing  box  depth 
(refair) 

Add  four  outboard  wing  tip  ribs 

Add  outboard  and  inboard  nacelle 
diffusion  ribs 

Increase  front  spar  web  gage  to 
average  skin  gage  outboard  of 
wing  fin 

Increase  total  rear  spar  web  gage 
to  average  skin  gage 


(II  (2)  (31  (4)  (5)  (6)  (71  (8)  (9) 
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Table  12-8.— Group  Weight  and  Balance  Statement,  Model  969-51 2B 


Task  1 

AWeight 

lb 

Task  II 

Group 

Weight 

lb 

Arm 

in. 

Weight 

lb 

Arm 

in. 

Wing 

94  160 

2 604 

+1  600 

95  760 

2 604 

Horizontal  tail 

6 530 

3 623 

6 530 

3 623 

Vertical  tail  (body  and  wing 
mounted) 

5 000 

3 406 

+850 

5 850 

3 406 

Body 

56  140 

2117 

56  140 

2 117 

Main  gear 

37  320 

2 548 

37  320 

2 548  [ 

Nose  gear 

3 760 

1 178 

3 760 

1 178 

Nacelle 

19  080 

2 949 

19  080 

2 949 

Total  structure 

221  990 

2 525.0 

+2  450 

224  440 

2 528.9 

Engine  (incl  T/R,  S/S  and  nozzle) 

t 

45  200 

3 076 

45  200 

3 076 

Engine  accessories 

1 350 

2 944 

1 350 

2 944 

Engine  controls 

780 

2 308 

780 

2 308 

Starting  system 

300 

2919 

300 

2919 

Fuel  system 

8 390 

2 495 

+720 

9 110 

2 495 

Total  propulsion 

56  020 

2 974.3 

+720 

56  740 

2 968.2 

Instruments 

1 865 

1 710 

1 865 

1 710 

Flight  controls 

14  700 

2 679 

14  700 

2 679 

Hydraulics 

5 795 

2 854 

5 795 

2 854 

Electrical 

5 160 

2 092 

5 160 

2 092 

Electronics 

2 885 

1 282 

2 885 

1 282 

Furnishings 

19  010 

1 817 

19010 

1 817 

ECS 

8 430 

2 440 

8 430 

2 440 

Anti-icing 

135 

558 

135 

558 

APU 

250 

2 978 

250 

2 978 

Insulation 

2 900 

1 913 

2 900 

1 913 
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Payload 
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1 882 
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Zero  fuel  weight 

404  006 
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407  176 
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Figure  12-1.—  Mass  Distribution  for  Structural  Analyst* 
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Figure  12-7. —Wing  Leading  Edge— Mass  Distribution 
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Figure  12-13.— Body  Structure  and  Contents— Mass  Distribution 
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Figun ■ 20.  -Structural  'A/eight  Estimation 
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Figure  12-21. -Nonoptimum  Structure  Definition(Example) 
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SECTION  13 


IMPACT  OF  FUEL  TEMPERATURE  ANALYSIS  ON 
PERFORMANCE 

INTRODUCTION 

This  section  addresses  the  impact  of  the  results  of  the  Task  II  wing  structural  and 
thermal  analyses  on  the  performance  of  the  969*5126  configuration.  These  impacts  will 
be  expressed  in  terms  of  range  increments  and  end  of  cruise  fuel  temperatures.  The 
range  increment  reflects  the  change  in  airplane  operating  empty  weight  (OEW)  as 
discussed  in  Section  12,  the  change  in  wing  tip  thickness  and  Vmo  placard  speeds  all  of 
which  were  necessary  to  satisfy  structural  design  criteria.  Weight  penalties  are 
estimated  and  included  in  the  OEW  to  provide  for  fuel  tank  insulation  to  keep  the  end 
of  cruise  mel  temperatures  from  exceeding  the  160°  F limit. 

FUEL  TEMPERATURE  ANALYSIS 


SUMMARY 

An  analysis  to  determine  the  fuel  temperature  rise  during  an  all  supersonic  mission 
was  conducted  for  the  969-51 26  co  figuration.  The  results  of  this  analysis  were 
compared  to  an  earlier  analysis  conducted  on  the  1968  Model  969-336C  during  Task  III 
of  NASA  contract  NASl-11938,  reference  1-5.  As  a result  of  the  earlier  analysis 
particular  attention  was  given  to  thf  configurating  of  the  969-5126  to  locate  the  fuel 
tanks  in  areas  of  the  wing  and  luselage  which  offered  the  greatest  depth  thus 
minimizing  the  heating  surface  per  unit  of  fuel  volume  and  thus  reducing  the  fuel 
temperature  rise.  As  shown  by  figure  13-1,  significant  lowering  of  end  of  cruise  fuel 
temperature  resulted  from  the  relocation  of  fuel  tanks;  however,  the  limit  of  160°  F is 
still  exceeded  by  10°  F.  Approximately  1530  pounds  of  fuel  tank  insulation  of  a foamed 
elastomeric  flurosilicone  type  would  be  required  on  the  bottom,  sides  and  lower  surface 
skin  stiffeners  of  auxiliary  tank  14A  and  main  tanks  1,2,3.  and  4 to  preclude  the  end  of 
cruise  fuel  temperature  from  exceeding  160°  F. 

INTRODUCTION 

The  thermal  analyses  conducted  during  the  National  SST  Program  revealed  the  critical 
impact  of  aerodynamic  heating  during  supersonic  cruise  on  fuel  temperatures  and 
thermal  management.  The  environmental  control  system  (ECS)  envisioned  for  the  SST 
relies  heavily  upon  the  fuel  as  heat  sirk  to  maintain  adequate  cooling  for  the  passenger 
cabin  and  flight  deck;  therefore,  the  control  of  the  fuel  temperature  is  a critical  factor  in 
the  efficient  operation  of  the  ECS  and  the  engine  fuel  system.  Figure  13-2  shows  the 
various  items  affected  as  the  fuel  temperature  increases.  The  most  critical  item  for  this 
design  is  the  160°  F limit  for  fuel  boiling  at  altitude. 
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METHOD  OF  ANALYSIS.  INPUTS.  AND  ASSUMPTIONS 
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The  fuel  temperatures  during  the  969-5 12B  flight  missions  were  calculated  using  a 
thermal  analyzer  computer  program  which  was  developed  by  Boeing  during  the 
National  SST  developmental  program.  A summary  of  the  most  important  assumptions 
and  inputs  which  were  used  in  the  application  of  this  program  is  as  follows: 

Flight  Profile 

The  969-512B  used  the  ATAT-1  (advanced  technology  afterburning  turbojet)  engine 
with  an  airflow  sizing  of  633  Ib/sec  as  described  in  Section  1.  The  supersonic  cruise 
mission  subjected  the  airframe  to  approximately  106  minutes  of  Mach  2.7  cruise  flight 
on  a standard  day  using  engine  power  setting  2 for  climb.  Significant  points  during  the 
mission  are  as  follows: 


Condition 

Time  from 
start  of  taxi, 
(minutes) 

Mach  No. 

Alt. 

(feet) 

Airplane 
Wt.  (lbs.) 

Start  of  taxi- 

0 

0 

0 

750,000 

Take  off- 

10.66 

.32 

35 

740,437 

Start  of  cruise- 

35.68 

2.7 

60,973 

651,792 

End  of  cruise- 

141.22 

2.7 

67,484 

469,297 

Start  of  descent- 

142.54 

2.4 

67,484 

468,853 

Touchdown- 

167.08 

.22 

0 

461,503 

Fuel  Tank  Configuration 

An  important  input  which  influences  fuel  temperature  rise  is  the  amount  of  wetted  area 
in  each  fuel  tank  for  various  volumes  of  fuel  in  the  tank.  To  determine  this  wetted 
area/volume  relationship,  the  wing  and  body  surface  coordinates  and  fuel  tank 
boundaries  were  interrogated  to  determine  both  fuel  volume  and  hot  surface  area  of  the 
fuel  tanks  including  corrections  for  unusable  fuel  volume.  The  items  contributing  to 
unusable  fuel  volume  and  their  impact  on  total  tank  volume  are  shown  in  figure  13-3. 
The  resulting  wetted  area  and  volume  relationships  for  the  various  tanks  of  the 
969-512B  are  given  in  table  13-1.  The  values  shown  extend  from  the  empty  fuel  to  full 
fuel  condition.  The  appropriate  value  is  selected  to  agree  with  the  airplane  fuel  loading 
at  the  analysis  condition. 

Fuel  Loading  and  Management 

The  fuel  loading  and  management  used  for  the  969-512B  are  graphically  displayed  in 
figures  13-4  and  13-5  and  discussed  in  Section  1.  The  initial  temperature  of  the 
on-loaded  fuel  in  all  tanks  for  the  first  of  the  two  consecutive  flights,  was  taken  as 
90°  F,  based  on  reference  13-1  study  which  measured  temperatures  of  fuel  at  various 
airports  in  the  world.  Onloaded  fuel  temperatures  greater  than  90°  F were  estimated  to 
occur  less  than  2.5%  of  the  time.  For  the  second  flight,  the  initial  temperature  in  all  the 
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auxiliary  tanks  which  are  refilled  was  90°  F,  while  in  the  main  tanks  the  initial 
temperature  was  that  resulting  from  mixing  the  hot  fuel  remaining  from  the  previous 
flight  with  the  required  amount  of  90°  F onloaded  fuel.  This  results  in  an  initially  high 
temperature  in  the  main  tanks  which  decreases  as  the  depleted  fuel  is  replaced  by 
transfer  from  the  auxiliary  tanks  during  the  climb  segment.  Transfer  from  the  auxiliary 
tanks  to  the  main  tanks  begins  at  Mach  0.9  during  climb  and  continues  until  all 
auxiliary  tanks  except  14 A are  emptied.  The  sequence  of  transfer  from  the  auxiliary 
tanks  is  1A  and  4A,  5A  and  6A,  and  2A,  and  3A  as  shown  in  figure  13-5.  Transfer  from 
14A  is  deferred  until  the  end  of  cruise  and  carried  out  in  the  first  few  minutes  of 
descent  to  provide  for  the  necessary  center  of  gravity  shift. 

Fuel  Reserves 

The  fuel  reserves  were  taken  to  be  the  same  for  each  of  the  flights.  For  each  pair  of 
consecutive  flights,  it  was  assumed  that  fuel  usage  during  the  first  flight  corresponded 
to  the  nominal  fuel  usage  given  in  the  flight  profiles  and  the  airplane  lands  with  all  of 
the  reserve  fuel  aboard.  The  fuel  usage  »n  the  second  flight  was  assumed  to  increase 
uniformly  throughout  the  flight  to  reflect  the  use  of  the  trip  fuel  allowance.  This 
combination  provides  a worst  case  situation  in  that  the  greater  amount  of  hot  fuel  left 
by  not  using  the  reserves  in  the  first  flight  results  in  a higher  initial  fuel  temperature 
in  the  main  for  the  second  flight,  and  during  the  second  flight  the  use  of  reserve  fuel 
leads  to  larger  temperature  rises  in  the  main  tanks  at  the  end  of  cruise. 

Heat  Sources 

In  addition  to  the  major  transfer  of  aerodynamic  heating  to  the  fuel  through  contact 
with  the  tank  walls,  radiation  to  the  fuel  from  dry  areas  of  the  tank  walls  was  also 
included.  Internal  sources  of  heat  which  are  included  in  the  computations  are  heat 
rejection  by  fuel  boost  and  transfer  pumps,  and  heat  transfer  from  hydraulic  lines  and 
other  systems  components  located  within  the  tanks.  These  internal  sources  combined, 
contribute  from  less  than  1°F  temperature  rise  in  most  of  the  auxiliary  tanks  to  as 
much  as  12°  F in  main  tanks  2 and  3 for  long  range  flights.  The  large  contribution  in 
main  tanks  2 and  3 is  mainly  due  to  the  location  of  the  ECS  heat  exchangers  in 
these  tanks. 

Fuel  Recirculation 

From  the  end  of  cruise  to  the  start  of  approach  (at  1500  feet  altitude),  fuel  is 
recirculated  through  the  airframe  and  engine  heat  exchangers  and  back  to  the  tank  to 
provide  for  adequate  fuel  heat  sink.  The  recirculation  rate  is  250  pounds  per  minute  per 
engine.  The  heat  added  to  the  recirculated  fuel  by  these  heat  exchangers  is  also 
included  in  the  tank  fuel  temperature  computations.  The  heat  loads  in  the  airframe 
heat  exchangers  and  the  engine  heat  loads  were  based  upon  requirements  for  the  1971 
version  of  the  General  Electric  GE4  engine. 
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Engine  Interface  and  Nozzle  Temperatures 

Temperatures  at  the  airframe-engine  interface  and  at  the  engine  nozzles  were  also 
computed  as  a function  of  flight  time  for  each  flight.  These  were  calculated  from  the 
tank  temperatures  and  airframe  and  engine  heat  loads  discussed  above. 

Recommended  Fuel  Temperature  Limits 

At  the  end  of  cruise  the  altitude  is  67,500  feet.  At  this  altitude  the  boiling  temperature 
of  maximum  volatility  kerosene  is  175°  F (ref.  13-2).  A temperature  margin  of  15°  F was 
selected  to  account  for  altitude  variations,  temperature  stratification  of  the  fuel  in  the 
tanks,  and  pump  cavitation  margins.  Therefore,  a bulk  temperature  of  160°  F was 
established  as  the  maximum  allowable  temperature  of  fuel  remaining  in  any  fuel  tank, 
except  at  lower  altitudes  where  the  increasing  tank  pressure  alleviates  the  fuel  boiling 
problem. 

During  the  AST  studies  (ref.  1-5)  the  engine  companies  were  requested  to  provide  their 
estimate  of  maximum  engine/airframe  interface  fuel  temperature  and  maximum  burner 
nozzle  fuel  temperature.  Pratt  & Whitney  responded  with  a recommendation  that 
burner  nozzle  fuel  temperature  be  limited  to  300°  F,  and  engine/airframe  interface  fuel 
temperature  be  limited  to  200°  F,  except  in  configurations  with  a simplified  control 
system,  then  250°  F would  be  permissible  for  the  interface  temperature.  General 
Electric  responded  with  a recommendation  that  burner  nozzle  temperature  be  less  than 
325°  F except  with  special  fuels,  and  engine/airframe  interface  temperatures  be  limited 
to  200°  F to  225°  F,  unless  engine  electronics  are  to  be  supplied  with  another  source  of 
cooling.  For  an  advanced  technology  SST,  a reasonable  recommendation  is  that 
engine/airframe  interface  fuel  temperature  be  limited  to  250°  F (this  assumes  engine 
electronics  will  be  cooled  with  another  coolant),  and  that  burner  nozzle  fuel 
temperatures  be  limited  to  325°. 

Fuel  Tank  Insulating  Characteristics 

The  structural  concept  for  the  fuel  tanks  of  969-512B  was  aluminum  brazed  titanium 
honeycomb  sandwich  panels  except  for  the  rear  fuselage  auxiliary  tank  (14 A)  which  was 
riveted  sheet  stiffener.  For  aluminum  brazed  titanium  honeycomb  sandwich  panels  the 
panel  thermal  conductance  value  was  estimated  to  be  6 BTU/FT2,HR,°F.  A previous 
analytical  study  estimated  that  additional  heat  shorts  in  fuel  tank  walls  where  panel 
edge  members  were  joined  resulted  in  tank  conductances  which  were  considerably 
higher  than  panel  conductances,  as  illustrated  in  figure  13-6.  Therefore,  for  a panel 
conductance  value  of  6 BTU/FT2,HR,°F,  assuming  no  insulation,  would  result  in  an  over 
all  tank  conductance  of  11  BTU/FT^HR^F. 

ANALYTICAL  RESULTS 

The  maximum  temperature  of  the  fuel  in  the  main  tanks  at  the  end  of  the  supersonic 
cruise  is  shown  as  a function  of  fuel  tank  conductance  in  figure  13-7.  For  the  purposes  of 
this  trade  Btudy,  the  conductance  of  all  main  and  auxiliary  tanks  were  considered  equal. 
As  indicated,  tank  conductances  of  about  4 BTUFT2,HR,°F  are  required  to  keep  the 
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rear  main  tank  fuel  temperature  below  the  160°  F maximum,  and  conductances  of  about 
6 BTU/FT^HR/Y  would  be  required  for  the  forward  main  tanks.  All  auxiliary  tanks 
except  the  rear  fuselage  auxiliary  tank  14A  are  emptied  early  in  the  flight  before  much 
fuel  heating  can  occur,  and  because  the  brazed  aluminum  honeycomb  structure  used  in 
auxiliary  tank  walls  provides  reasonable  insulation,  it  was  determine3  that  the  fuel 
temperatures  would  be  maintained  below  the  160°  F maximum  and  that  no  insulation 
needed  to  be  added  to  the  auxiliary  tanks  (except  14A).  Based  upon  the  above  study  the 
tank  conductances  shown  in  table  13-2  were  established  as  requirements  and  used  in 
subsequent  analysis.  To  attain  this  level  of  tank  conductance  it  will  require  additional 
insulation  in  main  tanks  1,  2,  3 and  4 and  in  auxilary  tank  14A. 

As  explained  previously,  the  walls  of  the  rear  auxiliary  fuel  tank  (14A)  are  of  riveted 
sheet  stiffener  construction.  This  thin  titanium  wall  provides  almost  no  fuel  tank  wall 
insulation,  (sheet  stiffener  wall  conductance  is  estimated  to  be  600  BTU/FT^HR/T). 
Figure  13-8  shows  the  temperature  of  the  fuel  in  the  fully  loaded  tank  (14A)  just  after 
the  end  of  cruise  when  it  normally  would  start  to  transfer  to  the  main  tanks.  As  shown, 
the  temperature  is  almost  within  the  160°  F limit  without  any  tank  insulation. 
However,  fuel  temperatures  this  hot  leave  no  contingency  margin  and  it  is  important 
that  reasonably  cool  fuel  be  fed  from  tank  (14A)  during  the  descent,  and  possibly  in 
some  cases  before  the  end  of  cruise,  to  keep  main  tank  temperatures  within  the 
allowable  limits.  Therefore,  until  a more  complete  analysis  is  made  it  is  recommended 
that  tank  14A  have  a tank  wall  conductance  of  11  BTU/FT2,HR,°F,  which  corresponds 
to  the  other  auxiliary  fuel  tanks.  This  means  that  tank  14A  will  require  insulation  or 
that  the  tank  walls  must  have  a conductance  equivalent  to  aluminum  brazed  titanium 
honeycomb  sandwich  structure. 

The  problem  of  excessive  fuel  temperatures  is  largely  associated  with  flig*  s which 
combine  adverse  thermal  conditions  such  as  high  onloaded  fuel  temperatures, 
consecutive  trips  with  hot  reserve  and/^r  ballast  fuel  remaining  from  the  earlier  trip 
combined  with  trips  which  used  fuel  reserves  in  an  adverse  manner.  Table  13-3  shows 
the  fuel  temperatures  at  the  end  of  cruise  or  start  of  descent  (whichever  is  higher)  in 
the  main  fuel  tanks,  and  at  the  engine/airframe  interface,  and  at  the  fuel  nozzles  for  a 
series  of  conditions  using  the  tank  conductances  listed  in  table  13-2.  As  can  be  seen  for 
trip  condition  1,  on  a first  trip  with  onloaded  fuel  of  60°  F,  excessive  fuel  temperatures 
are  no  problem.  When  the  onloaded  fuel  temperature  is  increased  to  90°  F,  the  end  of 
mission  fuel  temperatures  increase  significantly  but  are  still  satisfactory.  On  a second 
consecutive  trip  with  90°  F onloaded  fuel,  the  main  tank  temperatures  increase  to  above 
160°  F.  If  the  second  trip  uses  trip  fuel  reserve,  the  forward  fuel  tank  temperature  rises 
to  over  165°  F.  In  all  cases  the  engine/airframe  interface  fuel  temperature  remains  less 
than  250°  F,  and  the  engine  nozzle  temperature  remains  less  than  325°  F maximum. 

The  temperatures  in  table  13-3  were  determined  for  the  969-  51 2B  airplane  which  had  a 
mission  duration  of  2.8  hours.  A longer  duration  at  supersonic  cruise  will  tend  to 
aggravate  the  fuel  temperature  problem.  However  increased  mission  range  does  not 
affect  fuel  temperature  as  adversely  as  might  be  expected,  because  the  amount  of 
onloaded  fuel  would  have  to  be  increased,  which  also  increases  the  available  fuel  heat 
sink.  Previous  studies  of  the  969-336C  airplane  indicated  that  the  fuel  temperature  rise 
with  increasing  range  was  a function  of  tank  conductance,  and  for  the  conductances 
recommended  herein  would  be  about  1.5°  F per  100  nautical  mile  range  increase. 


774 


Potential  Improvements 

Two  possible  concepts  to  reduce  fuel  temperature  in  addition  to  adding  tank  insulation 
were  investigated.  The  first  of  these  was  to  compartmentize  the  main  tanks  such  that 
the  inboard  portions  of  all  main  tanks  would  have  a capacity  of  30,000  lbs.  fuel  each, 
and  the  outboard  portion  would  be  converted  into  additional  auxiliary  tanks.  The 
results  of  this  concept  are  shown  in  figure  13-9.  This  compartmenting  scheme,  which 
may  not  necessarily  be  optimum,  would  reduce  final  fuel  temperature  about  8°  F,  but 
would  introduce  the  additional  weight  of  bulkheads,  pumps,  gages,  etc.  required  for  the 
additional  auxiliary  fuel  tanks. 

Another  possibility  is  to  start  discharging  the  fuel  from  the  rear  fuselage  auxiliary  tank 
(14A)  prior  to  the  end  of  cruise.  This  is  effective  only  when  tank  14A  has  enough 
insulation  to  keep  its  fuel  adequately  cool.  The  results  of  this  concept  are  shown  in 
table  13-3,  conditions  5 and  6.  In  both  these  cases  the  transfc  from  tank  14A  started  15 
minutes  before  the  end  of  cruise.  For  condition  5 the  transfer  rate  was  400  lbs/min  per 
main  tank  (20  minutes  discharge  time),  and  for  condition  6 the  rate  was  800  lbs/min  per 
main  tank  (10  minute  discharge  time).  As  can  be  seen,  this  results  in  tank  fuel 
temperature  reductions  of  5.5°  F and  7.5°  F respectively.  The  penalty  for  early  discharge 
of  tank  14A  is  that  the  e g.  moves  forward  during  supersonic  cruise,  which  would 
require  an  adequate  forward  e g.  limit,  and  would  result  in  increased  trim  drag  with  the 
associated  performance  penalty.  The  magnitude  of  this  performance  penalty  has  not 
been  established,  nor  has  the  increase  in  forward  c.g.  limit  been  identified. 

CONCLUSIONS  AND  RECOMMENDATIONS 

As  discussed  above,  the  tank  conductances  used  in  the  analysis  did  not  completely 
satisfy  requirements  for  the  most  adverse  condition.  There  are  however  possibilities  to 
reduce  the  problem  by  tank  compartmentation  and  or  earlier  discharge  of  auxiliary  tank 
14A.  Therefore,  until  additional  studies  are  made,  the  tank  conductances  in  table  13-2 
are  recommended.  The  above  analysis  was  conducted  assuming  the  same  panel 
conductance  on  both  the  top  and  bottom  of  the  tank.  Previous  studies  have  indicated 
that  insulation  of  the  top  of  the  fuel  tank  was  relatively  ineffective  in  reducing  fuel 
temperatures.  The  results  showed  that  changing  top  tank  wall  conductance  from  11  to  3 
BTU/HR,FT2,°F  would  decrease  fuel  temperature  rise  about  1°F.  Therefore,  it  is 
recommended  that  there  should  be  no  added  tank  insulation  on  the  top  of  the  fuel  tanks. 

Because  of  the  importance  of  heat  shorts  through  the  spars  and  panel  splices,  it  will  be 
necessary  to  apply  insulation  to  heat  short  areas  of  main  tanks  1,  2 and  3 to  reduce 

the  tank  conductance  to  the  values  given  in  table  13*2.  Because  skin  stiffener  structure 
has  very  high  conductance,  auxiliary  tank  14A,  will  need  insulation  to  bring  the 
conductance  down  to  a value  of  11  BTU/HR,FT2,°F.  As  a p *sibl^  fuel  tank  insulation, 
the  use  of  a foamed  elastomeric  fluorosilicone  rubber  insult  ion  with  a conductivity 
coefficient  of  K = 0.4  BTU, IN/FT2, HR, °R,  and  a density  of  40  LB. FT3  has  been 
considered.  Tests  have  not  been  made  to  assure  that  this  would  be  practical  materia! 
with  adequate  reliability,  maintainability,  and  longevity  in  commercial  use,  but  for 
purposes  of  estimating  a weight  penalty  for  added  fuel  tank  insulation,  this  material 
was  assumed  to  be  appropriate.  To  obtain  the  tank  conductivities  on  table  13-2  will 
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require  insulation  thickness  of  about  .05  in.  to  cover  the  bottom  surface  and  stiffeners 
in  tank  14A.  Main  tanks  2 and  3 will  require  insulation  thickness  of  about  .15  in.  on 
the  bottom  surface  and  stiffeners.  Main  tanks  1 and  4 will  require  about  .05  in.  thick 
insulation  on  the  tank  lower  surface  and  on  the  lowest  2 in.  of  the  spars.  The  weight  of 
the  above  insulation  is  estimated  to  be  1530  lbs. 

It  is  recommended  that  simplified  experimental  validation  of  the  thermal  analysis, 
particularily  in  the  area  of  heat  shorts,  be  conducted.  Further  development  of  insulation 
material  and  design  installation  concepts  needs  to  be  conducted  to  arrive  at  a practical 
means  of  insulating  fuel  tanks  as  the  need  arises. 


CHANGES  IN  AIRPLANE  PERFORMANCE 

The  mission  performance  of  the  "Arrow  Wing”,  969*5 12B  configuration  with  the 
ATAT-1  engine  has  been  updated  to  reflect  the  changes  in  weight,  drag  and  climb 
placard  which  were  necessary  to  satisfy  strength  sizing,  flutter  and  thermal 
requirements.  The  total  range  decrement  was  135  nmi  and  is  itemized  in  table  13-4. 

The  changes  in  range  due  to  increased  OEW  and  drag  were  obtained  from  trades 
previously  established  and  discussed  in  section  1 and  shown  in  figure  1-19.  The  placard 
change  from  the  original  climb  speed  of  350  KEAS  to  300  KEAS  to  provide  for  adequate 
flutter  margin,  illustrated  in  figure  13-10  by  the  dotted  line,  gave  a range  decrement  of 
24  miles,  primarily  due  to  reduced  subsonic  rate  of  climb  at  the  reduced  placard  speed. 

The  updated  performance  is  compared  with  the  original  969-  512B  in  table  13-5.  The 
take-off  and  approach  data  are  unaltered  by  the  updated  changes. 
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Tank  no 


yoJuTie,  ft3  Wetted  Area,  ft^ 


Forward  mam  tank 

1 or  4 

00 

0.0 

37  4 

684 

80  5 

134  4 

125  6 

216  7 

189  3 

283  8 

265  8 

314  3 

5039 

314  3 

784  7 

331  2 

897  2 

396.4 

956? 

511  7 

987  1 

563  5 

1 or  4 

1000.6 

627  7 

Rear  mjm  tank 

2 or  3 

00 

00 

9.7 

78.7 

49  3 

130  3 

192  7 

211  9 

291  2 

256  1 

357  3 

300.8 

595  5 

489  8 

850  9 

680  5 

943  0 

781  4 

985  2 

864  5 

2 or  3 

996  1 

911  0 

999  6 

944.9 

Auxiliary  tank 

1 A or  4A 

00 

00 

4 9 

31  6 

14  0 

66  4 

28  2 

91  5 

82  1 

144  5 

184  7 

17?  2 

397  1 

172  2 

537  7 

206  2 

579  6 

240  4 

608  3 

277  9 

1 A or  4 A 

627  3 

3150 

Auxiliary  tank 

00 

2A  or  3A 

00 

12.4 

52  2 

98.4 

101  6 

220.3 

153.0 

324  5 

2068 

416.2 

271  4 

517.8 

300.2 

586  5 

320  8 

529  1 

355.2 

646  8 

377.1 

663.6 

436.9 

2A  or  3A 

670.5 

481  7 

Tank  no. 


Volume,  ft^ 


Wetted  Area,  ft 


Auxiliary  tank 


5A  or  6A 


5A  or  6A 


0.0 

12.5 

25.2 

47.8 

114.5 

179.2 
379.8 
505.7 

551.5 

572.3 

602.3 

611.5 


0.0 

55.8 

111.4 

187.0 

279.9 
313.7 

313.7 

368.9 

446.9 

501.7 

569.4 

528.0 


Rear  fuselage  auxiliary  tank 
14A 


14A 


0.0 

17.8 

44.5 

71.2 

106.6 

117.9 

165.0 
231.5 

252.7 

275.8 
311.2 

331.0 


0.0 

26.1 

49.8 

70.5 

81.5 
91.0 

105.0 

113.0 

121.0 

132.0 

157.0 
174.5 


Ballast  tank 


0.0 

5.2 

8.7 

15.1 

42.3 

50.6 

81.6 
206.1 

242.0 
260.9 

277.1 
289.5 


0.0 

17.4 

18.3 

32.9 
47.0 

56.4 

63.9 

74.4 

86.5 
100.0 
119.0 
150.2 


Ballast  tank 


Table  13-2.— Fuel  Tank  Conductance 


Tanks 

Tank  conductance, 
Btu/hr,  ft2,  ° F 

Forward  mains  no.  1 and  no.  4 

5 

Rear  mains  no.  2 and  no.  3 

3 

Auxiliary  1 A and  2A 

11 

Auxiliary  2A  and  3A 

11 

Auxiliary  5A  and  6A 

11 

Auxiliary  14A 

11 

Ballast 

11 

Table  13-4.  Structure 


Change 

OEW 


CD  = +0.00013 


Placard 


Des Impact  on  Mission  Range 

Equivalent 

Range, 

weight,  lb 

nmi 

+3170 

-59 

+2811 

-52 

+ 1297 

-24 

+ 7278 


-135 


1 


I 


-ps. 


Table  13-5.— Structural  Design  Impact  on  Performance 

• Takeoff  gross  weight  340  194  kg  (750  000  lb) 

• Payload  22  T83.8  kg  (48  9%  lb);  234  passengers,  tourist 

• Cruise  M - 2/1.  standard  dav 


969-5128. 
1%  LE  rad 
+ LE  droop 

969-51 28  update, 
1%  LE  rad 
♦ LE  droop 

Propulsion 

• Type 

ATAT-1 

ATAT-1 

• Airflow,  kg/s 

287(633) 

287(633) 

(lb/s) 

• Suppression 

Plug  and  chutes 

Plug  and  chutes 

Weights 

• OEW  relative  to  969-5128  kg  (lb) 

0 

♦1437  (+31/0) 

Range 

% Supersonic  cruise,  km  (nmi)  range 

0 

-217  (-135) 

relative  to  969-5126 
• Supersonic  cruise  altitude,  m (ft) 

19  507  (64  000) 

19  507(64  000) 

Cruise  performance 

• Supersonic  range  factor,  km  (nmi) 
at  M » 2.7 

15  268  (8239) 

15061  (8113) 

•L'D<L'0max> 

8.29/8.63 

8.22/8.53 

• SFC,  kg/hr/kg  (Ib/hr/Ib) 

1.559 

1.566 

Takeoff 

• FAR  field  length, 
m (ft)  (Std  + 15  K) 

3780(12  400) 

3780(12  400) 

• Lift-off  speed,  m/s  (KEAS) 

101  (197) 

101  (197) 

• Sideline  noise,  EPNdB 

117 

117 

• Community  noise.  6.49  km  (3.5  nmi) 

108 

108 

from  brake  release  EPNdB 

Approach 

a Approach  speed,  m/s  (KEAS) 

84  (163.5) 

84(163.5) 

• Wet  FAR  f:eld  length,  m (ft) 

3200.4  (10  bOO) 

3200.4  (10  500) 

• L/D 

4.23 

4.23 

• Approach  noise,  1.85  km  (1  nmi) 

117.5 

117.5 

threshold,  EPNdB 

782 


2.7,  std  day  ram  temp 


784 


Figure  13-2. -Typical  Items  Limiting  Fuel  Heat  Sink  Capacity  With  Respect  to  Temperature 
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f/]gi/re  13  4. -Fuel  Tank  Layout-Mode!  969-51 26 


Figure  13-5.— Fuel  Management— Model  969-51 2B 


Tank  conductance 
Btu/ft2  hr  ° F 


Figure  13-6.—  Effect  of  Panel  Thermal  Conductance  on  Fuel  Tank  Thermal  Conductance 
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SECTION  14 


ADVANCED  STRUCTURAL  CONCEPTS 

STUDY  OBJECTIVES 

The  Task  II  objective  was  to  develop  structural  design  concepts  for  a Mach  2.7 
supersonic  transport  configuration  using  advanced  technology  materials  and  processes 
expected  to  be  developed  in  the  1980-1990  time  period.  The  design  loads  and 
environmental  conditions  used  in  Task  I for  sizing  the  1975  technology  concepts  were 
also  used  in  this  study  to  permit  a direct  comparison  between  the  two  technology  levels. 

It  was  also  desired  to  evaluate  the  manufacturing  feasibility  and  weight  advantage  of 
various  advanced  structural  concepts,  and  to  define  some  analytical  and  manufacturing 
methods  to  be  developed  for  the  design  and  production  of  practical  components  made 
from  advanced  technology  materials. 

STUDY  APPROACH 

The  study  approach  for  Task  II  has  been  to  select  one  body  and  one  wing  control  point 
from  those  used  in  Task  I.  Only  two  control  locations  were  chosen,  so  that  each 
structural  concept  could  be  developed  in  sufficient  detail  to  establish  feasibility  of 
designing  practical  airframe  components  of  advanced  composite  materials. 

Both  metal  matrix  and  organic  polymer  matrix  material  systems  were  investigated.  The 
major  effort  was  directed  toward  designs  using  metal  matrix  composite. 

One  of  the  structural  configurations  evaluated  with  a metal  matrix  at  each  control  point 
was  selected  for  design  and  evaluation  using  a high  temperature  polymer. 

SUMMARY 

The  results  of  this  study  indicate  that  Borsic/ Aluminum  structural  design  concepts  offer 
significant  weight  savings.  Manufacturing  complexities,  however,  are  three  to  four 
times  those  of  current  materials,  thus  significantly  increasing  manufacturing  costs.  In 
general,  weight  savings  are  more  significant  for  compression  than  for  tension 
applications.  In  addition.  Borsic/Aluminum  shear  allowables  have  a large  effect  on 
potential  weight  savings.  The  graphite/PPQ,  full  depth  honeycomb  skin  panel  concept 
investigated  is  potentially  lighter,  cheaper  and  easier  to  fabricate  than 
Borsic/Aluminum.  However  the  assumed  material  properties  and  manufacturing 
techniques  need  to  be  verified. 

MATERIAL  SELECTION  AND  STRUCTURAL  CONCEPTS 

Two  families  of  advanced  composites  were  selected  for  evaluation,  namely  a 
Borsic/Aluminum  metal  matrix  and  a high  temperature  polymer  matrix 
Polyphenylquinoxaline  (PPQ),  with  high  strength  graphite  filaments. 


Throe  structural  arrangements  using  Borsic/ Aluminum  composites  * .re  designed  at 
body  control  point  5 and  win^  control  point  269,  shown  in  figure  14-1.  'Hiese  structural 
arrangements  consist  of  the  following: 

• Stiffened  Sheet-Skin  Panel-Borsic/Aluminum  Skins  and  Uniaxially  Reinforced 
Titanium  Stiffeners 

• Stiffened  Thin  Honeycomb-Skin  Panel-Borsic/Aluminum  Skins-Titanium  Core 
and  Uniaxially  Reinforced  Titanium  Stiffeners 

• Honeycomb  Skin  Panels-Borsic  Aluminum  Skins-Titanium  Core 

From  the  evaluation  of  the  metal  matrix  configurations,  the  full  depth  honeycomb  skin 
panel  arrangement  was  selected  as  the  configuration  for  the  PPQ  matrix  design  study. 
This  arrangement  consisted  of  grapnite/PPQ  skins  with  titanium  core. 

Only  a limited  amount  of  development  work  has  been  done  on  high  temperature 
polymers.  The  resulting  high  risk  is  offset  by  its  highly  attractive  characteristics  such 
as;  low  cost,  relatively  low  density,  high  shear  strength,  and  moderate  manufacturing 
complexity  compared  to  the  metal  matrix  composites. 

SHEET  STIFFENER  SKIN  PANELS-BORSIC/ALUMINUM  SKINS  AND 
UNIAXIALLY  REINFORCED  TITANIUM  STIFFENERS 

Body  Skin  Panel 

The  general  arrangement  of  the  Borsic/Aiuminum  skin  concept  is  illustrated  in 
figure  14-2.  It  consists  of  a [ 0^ / ^ 45/903 ] layuP  with  three  additional  pairs  of  ±45°  plies 
located  along  the  skin  splices  and  body  frames.  The  body  pressure  load  is  carried  by  the 
90°  skin  plies  with  the  majority  of  the  body  bending  compression  carried  by  the 
uniaxially  reinforced  titanium  stiffeners.  The  body  frame  is  of  formed  titanium  sheet 
with  a uniaxially  reinforced  circumferential  flange  adjacent  co  the  skin.  This  skin 
flange  makes  maximum  use  of  the  available  depth  for  frame  bending  as  well  as  serving 
as  a fail-safe  strap.  The  stiffeners  are  of  uniaxially  reinforced  titanium  with 
symmetrical  joggles  over  the  frame  skin  chords.  The  uniaxial  stiffener  reinforcement  is 
equal  on  both  flanges  and  the  stiffener  joggle  is  symmetrical  over  the  frame  chord  to 
prevent  distortion  of  the  stiffener  by  differential  shrinkage  during  fabrication.  The 
stiffeners  are  attached  to  the  skin  panel  by  spot  brazing  which  reduce*  the  number  of 
fastener  holes  required  through  the  panel.  Preliminary  tests  shown  in  reference  14-1 
have  shown  minimal  degradation  of  borsic  material  properties  by  spot  brazing. 

The  skin  assembly  is  consolidated  by  applying  heat  and  pressure  to  the 
Borsic/Aiuminum  skin  plies.  The  titanium  stringers  are  machined  extrusions  reinforced 
with  uniaxial  Borsic/Aiuminum  diffusion  bonded  to  the  stringer.  Formed  titanium  body 
frames  are  chem-milled  and  installed  by  riveting.  The  skin  panel  is  also  installed  by 
conventional  rivets  along  the  panel  periphery. 


Wing  Skin  Panel-Upper 


The  upper  surface  wing  skin  panel  shown  in  figure  14-3  has  been  designed  for  tfc  * 
combined  loads  shown  in  table  14-1.  Since  the  skin  panel  must  carry  chordwise  (Ny) 
loads,  the  panel  has  been  sized  to  be  buckle-resistant  at  ultimate  load.  A stiffener 
spacing  of  4.80  in.  was  selected  as  a compromise  between  compression  buckling 
requirements  and  space  requirements  for  installation  of  shear  ties  between  stiffeners. 
The  load  transfer  capability  of  the  skin  panels  has  been  increased  in  the  critical  joint 
areas  by  the  addition  of  eight  titanium  shims  located  between  the  Borsic/Aluminum 
plies.  The  titanium  stiffeners  are  reinforced  by  uniaxial  plies  attached  by  diffusion 
bonding. 

The  wing  panel  fabrication  is  similar  to  that  of  the  body.  Th*»  Bor^k  Aluminurr  * In 
panel  is  assembled  by  consolidation.  The  uniaxial  Borsic/Aiuminim  reinforcement  is 
attached  to  the  stiffeners  by  diffusion  bonding.  The  stiffeners  art  attached  to  the  skin 
panel  by  spot  brazing. 

Wing  Skin  Panel-Lower 

The  lower  wing  skin  panel,  also  shown  in  figure  14-3,  is  of  similar  structural 
configuration  to  the  wing  upper  surface  panel.  The  lower  panel  is  critical  for  the  tension 
condition.  The  stiffener  spacing  of  6.70  in.  is  determined  by  the  reverse  bending 
condition.  The  skin  panel  has  been  sized  for  two  levels  of  material  shear  allowables.  In 
each  case,  the  tension  and  compression  properties  were  the  same  for  all  designs.  The 
fabrication  and  assembly  of  the  lower  surface  tension  panels  is  similar  to  the  wing 
upper  surface  compression  panel. 

STIFFENED  THIN  HONEY COMB-BORSIC/ALUMINUM  SKIN  AND  UNIAXIAL 
REINFORCED  TITANIUM  STIFFENERS 

Body  Skin  Panel 

The  stiffened  thin  honeycomb  body  skin  panel  is  shown  in  figure  14-4.  The  honeycomb 
skin  carries  the  pressure  load  in  the  90°  plies  and  shares  the  axial  compression  with  the 
stiffeners.  The  thin  honeycomb  panel  is  buckle-resistant  at  ultimate  load  with  a 
stiffener  spacing  of  8.00  in.  Inner  and  outer  face  sheets  consist  of  [02/±45/90]  with 
added  plies  of  Borsic/Aluminum  used  at  the  frame  attach  points  and  skin  splices  for 
increased  load  transfer  capability.  The  formed  titanium  body  frames  use  outer  chord 
shear  ties  that  splice  through  the  stiffener  flanges  for  load  continuity.  The  machined 
titanium  stiffeners  are  reinforced  with  ten  plies  of  uniaxial  Borsic/Aluminum  on  both 
inner  and  outer  flanges. 

The  Borsic/Aluminum  face  sheets  and  the  reinforced  stiffeners  are  manufactured  as 
separate  sub-assemblies.  The  .188  in.  titanium  field  core  is  spliced  by  spotwelding  to  the 
dense  core  used  at  panel  edges.  Fit  up  tolerances  of  the  titanium  core  to  the  padded  face 
sheets  are  critical  for  the  brazing  process.  The  stiffeners  are  spot  brazed  to  the  inner 
skin  panel  in  sub-assembly  and  both  the  stiffener  to  face  sheet,  and  face  sheet  to  core 
attachments  are  made  in  the  final  braze  cycle. 
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Wing  Skin  Panels 

The  stiffened  thin  honeycomb  panels,  designed  of  Borsic/Aluminum  for  the  upper  and 
lower  wing  surfaces,  are  shown  in  figure  14-5.  The  structural  arrangements  of  both 
panels  are  similar,  therefore  the  upper  skin  panel  is  described  in  detail  with  the 
exceptions  noted  for  the  lower  surface  panel. 

The  honeycomb  panel  is  designed  to  be  buckle-resistant  at  ultimate  combined  loads. 
This  condition  determined  the  selection  of  .30  in.  core  depth  and  7.00  in.  stiffener 
spacing.  The  reinforced  stiffeners  carry  spanwise  load.  The  Borsic/Aluminum  face  sheets 
for  the  upper  wing  panel  are  sized  for  two  levels  of  material  shear  capability. 

Both  skins  of  the  lower  surface  panel  are  [02/±45^/90]  and  are  critical  for  combined 
tension  and  shear.  The  lower  surface  honeycomb  panel  core  depth  is  .152  in.  It  is 
thinner  than  the  upper  surface  core  because  of  reduced  compression  intensities. 

The  Borsic/Aluminum  skins  are  reinforced  by  six  metal  shims  in  the  areas  of  bolted 
skin  joints.  Dense  titanium  core,  28.1  pcf,  is  used  to  prevent  core  crushing  in  the  joint 
fastener  areas.  Torque  limited  type  fasteners  are  required  to  control  the  fastener 
crushing  loads.  The  uniaxially  reinforced  stiffeners  are  spot  brazed  to  the  inner  skin 
panel  to  reduce  fastener  hole  penetrations.  Separate  machined  titanium  fittings  are 
used  to  splice  the  stiffener  loads  at  joints.  The  stiffener  splice  takes  place  through  the 
padded  titanium  web  to  minimize  fastener  penetrations  through  the  Borsic/Aluminum 
reinforcement. 


The  Borsic/Aluminum  face  sheets  and  reinforced  stiffeners  are  fabricated  as 
sub-assemblies.  Core  to  face  sheet  fit-up  tolerances  must  be  controlled  closely;  however, 
there  are  fewer  pad-ups  requiring  fit-up  for  the  wing  panels  than  for  the  body  skin 
assemblies.  The  stiffener  sub-assemblies  are  spot  brazed  to  the  inner  skin  followed  by 
fit-up  and  subsequent  brazing  of  the  entire  skin  panel  assembly. 

HONEYCOMB  SANDWICH  SKIN  PANELS-BORSIC/ALUMINUM  SKINS 

Body  Skin  Panels 

The  brazed  Borsic/Aluminum  honeycomb  sandwich  design  shown  in  figure  14-6  carries 
the  combined  body  pressure  and  bending  loads,  primarily  in  the  panel  face  sheets.  The 
1.25  in.  core  depth  is  adequate  to  provide  panel  buckling  stability  with  a 35.5  in.  frame 
spacing.  Panel  width  is  limited  by  manufacturing  capability. 

Each  body  panel  face  sheet  is  consolidated  of  [O4/+45/90]  with  six  .009  in.  titanium 
shims  laminated  between  the  Borsic/Aluminum  plies  along  the  circumferential  splices. 
Dense  titanium  6A1-4V  core  of  28.1  pcf  (SS2-60)  is  used  along  the  circumferential 
splices  where  .25  in.  diameter  bolts  are  used.  At  the  longitudinal  splices  and  body  frame 
locations  14.1  pcf  (SS2-30)  titanium  6A1-4V  honeycomb  core  is  used  with  .187  in. 
diameter  bolts.  In  the  remaining  field  areas,  4.9  pcf  honeycomb  core  of  Ti  3A1-2.5V  is 
used.  The  skin  panels  are  recessed  to  accept  flush  circumferential  body  splice  straps. 
The  skin  panels  are  full  depth  along  the  longitudinal  splices  with  the  external  splice 
straps  outside  of  contour. 
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The  Borsic/Aluminum  face  sheets  are  consolidated  as  separate  sub-assemblies.  The  core 
assembly  is  spotwelded  and  machined  with  the  proper  recesses  to  match  the  panel  pad 
requirements.  The  panel  assembly  is  completed  by  brazing  the  face  sheets  to  the  core 
assembly. 

Wing  Skin  Panels 

The  honeycomb  sandwich  wing  panel  shown  in  figure  14-7  uses  Borsic/Aluminum  skins 
brazed  to  titanium  honeycomb  core.  Both  upper  and  lower  wing  surfaces  are  shown.  The 
lower  wing  surface  skins  are  sized  for  two  levels  of  Borsic/Aluminum  shear  allowable. 
Since  the  structural  configuration  is  similar  for  both  upper  and  lower  surface,  the  upper 
surface  panel  is  described  and  the  lower  surface  exceptions  are  noted.  The  upper  wing 
surface  is  designed  for  combined  spanwise  and  chordwise  compression  load  as  well  as  a 
significant  shear  load.  The  skin  panels  have  been  sized  to  carry  these  combined  loads 
and  be  buckle  resistant  at  ultimate  load.  The  panel  edges  utilize  laminated  titanium 
shims  tor  joint  reinforcement.  The  1.00  in.  core  is  adequate  to  provide  panel  buckling 
stability  for  a 35  in.  spar  spacing.  Panel  joint  splice  loads  are  carried  through  flush 
splice  plates  attached  to  the  panels  by  torque  limited  mechanical  fasteners. 

The  upper  wing  panel  utilizes  an  inner  and  outer  Borsic/Aluminum  skin,  each 
consisting  of  [O4 ,±45:>].  The  lower  wing  panel  skins  are  [04/±45e/90]  and  [04/^464/90] 
corresponding  to  the  two  levels  of  allowable  shear.  Four  plies  of  .007  in.  titanium  shims 
are  laminated  between  the  Borsic/Aluminum  plies  to  add  additional  capability  at  the 
mechanically  fastened  joints.  Dense  core  of  28.1  pcf  (SS  2-60)  titanium  6A1-4V  is  used 
in  the  bolted  areas  and  4.9  pcf  core  is  used  for  panel  field  core.  Two  rows  of  .250  in. 
diameter  fasteners  are  used  for  chordwise  splices  and  a single  row  for  the  spanwise 
splice. 

The  Borsic/Aluminum  face  sheets  are  made  in  sub-assembly  by  consolidation.  The  dense 
core  and  field  core  are  joined  by  spotwelding  and  are  machined  to  match  the  skin  pad 
configuration.  After  proper  fit-up,  final  assembly  is  made  by  brazing. 


An  alternate  brazed  honeycomb  panel  arrangement  for  lower  surface  application  is 
shown  in  figure  14-8.  This  concept  was  investigated  to  evaluate  the  use  of  a uniaxial 
Borsic/Aluminum  truss  as  an  alternate  means  to  ±45°  plies  for  carrying  the  panel  shear 
loads,  the  incentive  being  the  significantly  higher  uniaxial  material  allowables  for 
carrying  panel  shear  compared  to  the  ±45°  shear  allowables.  This  concept  uses  two 
trusses  made  up  of  uniaxial  tapes  with  a multi-cycle  wave  pattern  used  to  reduce  the 
concentrated  fastener  loads  occurring  at  the  truss  nodes.  The  truss  loads  at  the  nodes 
are  reacted  by  laminating  the  truss  plies  between  tabbed  titanium  edge  members.  The 
completed  truss  is  th'*n  attached  to  the  panel  skins  by  consolidation.  A truss  was 
required  for  each  skin  to  minimize  the  fastener  size  and  keep  a balanced  joint  load  on 
both  inner  and  outer  skin.  The  outer  skin  truss  is  located  inside  the  panel  requiring 
recessing  of  the  core  locally  over  the  buried  shear  truss  greatly  complicating  the 
manufacture  of  the  panel. 
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The  shear  truss,  sculptured  edge  members,  and  Borsic/Aluminum  skins  are  consolidated 
together  as  a sub-assembly.  The  core  assembly  is  spotwelded  and  machined  to  match  the 
skin  pad  requirements.  The  assembly  of  the  panel  face  sheets  and  core  is  eompletrd 
with  the  final  braze  cycle. 

HONEYCOMB  SANDWICH  PANELS-ORGANIC  MATRIX  COMPOSITE 

The  honeycomb  sandwich  concept  was  selected  from  the  evaluation  of  the  metal  matrix 
configurations  for  further  study  with  organic  matrix  composite.  Polyphenolquinoxoline 
(PPQ)  was  the  matrix  selected  for  use  with  high  strength  graphite  fibers. 

Body  Skin  Panel 

The  graphite/PPQ  body  skin  panel  shown  in  figure  14-9  is  of  the  same  general 
configuration  as  that  shown  for  the  Borsic/Aluminum  arrangement  in  figure  14-6.  Both 
panels  have  been  sized  to  the  same  loads  and  environmental  conditions.  Each  skin 
layup  for  the  graphite/PPQ  panel  is  [O9/+452/9O2]  compared  to  [04/±45/90]  for 
Borsic/Aluminum.  This  is  due  to  a difference  in  ply  thickness  and  material  allowables. 
The  single  ply  thickness  used  for  graphite/PPQ  is  .0052  in.  compared  to  .007  in.  for 
Borsic/Aluminum.  The  core  thickness  is  1.00  in  Core  densities  and  arrangement  are  the 
same  as  that  used  for  the  metal  matrix  configuration. 

The  graphite/PPQ  panel  is  fabricated  in  a two  stage  bonding  operation.  Following  the 
lay-up  of  each  graphite/PPQ  skin,  the  sub-assembly  is  completed  by  bonding.  The 
titanium  core  components  are  assembled  by  spotwelding.  The  core  assembly  is  then 
machined  to  fit  the  face  sheet  skin  pads.  The  components  are  fitted  and  bonded  to 
complete  the  assembly. 

Wing  Skin  Panels 

The  graphite/PPQ  wing  skin  panels  shown  in  figure  14-10  are  of  similar  structural 
arrangement  to  the  Borsic/Aluminum  brazed  honeycomb  arrangement  shown  in 
figure  14-7,  Graphite/PPQ  skins  have  replaced  Borsic/Aluminim  with  the  assembly 
being  made  by  bonding  as  compared  to  brazing  for  the  Borsic/Aluminum.  Face  sheet 
layup  of  the  graphite/PPQ  skins  is  } 0»/^45,%]  for  the  upper  surface  panel  and  [08/±455] 
for  the  lower.  The  increase  in  upper  panel  core  height  to  1.25  in.  for  graphite/PPQ 
compared  to  1.00  in.  for  Borsic/Aluminum  is  mainly  a result  of  a reduction  in  effective 
modulus  (E)  when  using  high  strength  graphite  rather  than  borsic  filaments. 

The  lower  surface  panel  core  height  of  .75  in.  was  found  satisfactory  for  both  graphite 
and  borsic  configurations  since  it  is  critical  in  compression  for  only  the  lightly  loaded 
negative  bending  condition. 

The  fabrication  of  the  graphite/PPQ  wing  panel  would  be  similar  to  that  described  for 
the  graphite/PPQ  body  panel. 


LOADS  AND  STRESS  ANALYSIS 


WING  LOWER  SURFACE 


The  critical  design  condition  for  the  wing  lower  surface  at  control  point  269  is  combined 
biaxial  tension  and  shear  at  room  temperature,  as  shown  in  table  14-1. 


Three  structural  concepts  defined  below  were  analyzed: 


Concept 

Skin-Stringer 

Stiffened  Honeycomb 


Material 

BSC/Aluminum 

BSC/Aluminum 

BSC/Aluminum 


(low  shear) 
(high  shear) 

(low  shear) 


Honeycomb  (2) 


BSC/Aluminum  (low  shear) 
BSC/Aluminum  (high  shear) 
Graph  ite/PPQ 


Failure  mechanisms  for  combined  loading  on  multi-directional  layups  of  these  materials 
are  not  well  known.  An  attempt  was  made  to  establish  a failure  criteria  for  each 
material  consistent  with  the  allowable  stress-str  in  curves  adopted  for  [o]  , [90]  , and 
[±45]  layups. 


Bormc/Aluminum  With  Low  Shear  Allowable 


Material  properties  from  reference  14-1  were  used  as  a base.  Tension  and  compression 
allowables  were  modified  slightly  to  reflect  assumed  developments  by  the  1980-1990 
time  period.  The  modified  data  is  shown  in  figures  14-11  and  14-12.  The  ultimate  shear 
strength  and  shear  stress-strain  data  presented  in  reference  14-1  is  contradictory.  The 
shear  stress-strain  data  given  in  figure  1.2.1-55  of  the  reference  indicates  a failure  at  a 
shear  stress  of  35ksi  and  a shear  strain  of  7200  fx  in/in.  However,  table  1.2.1  - XII,  of  the 
same  reference,  shows  an  allowable  ultimate  shear  stress  of  49ksi.  Figure  14-13  shows 
what  we  used.  It  was  an  attempted  compromise.  The  referenced  stress  strain  curve  was 
modified  slightly  and  extended  to  the  referenced  49ksi  at  an  arbitrarily  assumed  failure 
strair  (y)  of  16000  /x  in/in. 

Based  on  the  assumed  yrr|t  = 16000  ix  in/in  for  a [±45]  layup,  it  follows  that  the 
diagonal  strain  would  be  8000  tx  in/in,  and  that  for  a [0,90]  layup  loaded  in  equal 
biaxial  tension-compression,  the  critical  strain  «rrjtT  = €critC=  8000  fx  in/in.  From 
figure  14-11,  it  was  established  that  for  a uniaxialiy  loaded  [0,90]  layup  is  6000  in/in. 
An  effective  (plastic)  poissons  ratio  was  established  by 
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It  was  next  assumed  that  a [0,90]  layup  loaded  in  equal  biaxial  tension  would  be  strain 
critical  at 

-2222.  = 4500  p in./in. 

I + Me 

From  the  foregoing  assumptions,  it  follows  for  the  skins  that: 
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Based  on  a critical  diagonal  strain  of  8000  p in/in  when  produced  entirely  by  shear  and 
4500  xlO'6  + (t|  -«2/«i)  1500  x 10’6  when  produced  entirely  by  biaxial  tension,  a 
diagonal  strain  limitation  was  established  by  requiring 
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It  was  assumed  that  the  [0,90]  plies  carried  no  shear,  consequently,  with  non-linear 
shear  stress-strain  curves,  it  was  important  to  establish  shear  stress  by  dividing  Nxy  by 
the  thickness  of  [±45]  plies  only.  The  shear  modulus  Gxy  = r/y  can  be  calculated  using 
the  shear  stress,  r,  as  defined  above,  and  shear  strain,  y,  values  from  figure  14-13. 

Bor eic/ Aluminum  with  High  Shear  Allowables 

Results  of  shear  tests  of  [±45]  material  at  NASA  Langley  were  available  in  May  1974. 
Extensive  care  had  been  exercised  in  setting  up  a shear  test  that  was  free  of  the  typical 
problems  inherent  in  this  type  of  test.  The  resultant  shear  stress-strain  curve  was,  as 
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expected,  quite  linear  up  to  failure.  The  failure,  however,  was  considered  premature  due 
to  stress  concentrations  at  the  corners  of  the  test  panel.  Figure  14-14  is  a result  of  this 
test  and  figures  14-15  through  14-22  include  projections  to  the  1980-1990  time  period. 

A more  logical  failure  criteria  could  now  be  established  with  the  introduction  of  the  new 
and  realistic  shear  stress-strain  curve.  Figures  14-11  and  14-12  were  used  along  with 
figure  14-14.  The  latter  figure  shows  yCT\\  = 12000  fx  in/in  and  hence,  the  limiting 
diagonal  strain  was  taken  as  6000  fi  in/in.  Figure  14-11  and  14-12  show  limiting  strains 
of  6000  fx  in/in.  The  resulting  failure  criteria,  while  simplified,  emerged  as  simply 
limiting  the  strain  in  the  0°.  +45°,  90°,  and  -45°  direction  to  6000  fi  in  in  regardless  of 
the  forces  that  produced  it.  Poisson  ratios  were  takcu  from  reference  14-1,  table  1.2.1-X 
for  the  [o]  and  [90]  families,  and  table  1.2.1-XII  for  the  [±45]  family.  Poisson  ratios 
for  the  final  layup  were  established  by  ratio  in  accordance  with  the  number  of  plies  of 
each  of  the  families. 

An  iterative  analysis  was  again  necessary  due  to  the  non-linearity  of  the  stress-strain 
curve. 

For  the  honeycomb  panels,  all  of  the  load  was  assumed  carried  by  the  skins  and  divided 
equally  between  them.  Reasonable  care  was  taken  when  analyzing  splice  details  to 
insure  equal  strain  across  the  joint  for  each  skin.  Axial  loads  carried  by  the  splice 
plates  were  conservatively  ignored. 

The  first  step  in  the  iterative  process  was  to  select  a layup  of  the  [0,  ±45y,  90z]  family 
for  trial.  This  selection  was  made  by  establishing  the  minimum  number  of  plies  in  each 
direction  required  to  carry  the  load  in  that  direction.  That  is,  [o]  for  the  Nx  load,  [ 90 j 
for  the  Ny  load,  [±45]  for  the  shear  load.  A trial  layup  was  established  by  a process  of 
rounding  to  the  next  higher  whole  number  and  then  adding  plies,  so  that  each  skin 
could  be  laid  up  in  a nearly  symmetrical,  balanced  pattern. 

The  shear  carried  by  the  [0]  and  [90]  plies  was  again  assumed  negligible  and  shear 
strain  was  established  as  discussed  previously.  The  strains,  €x'  or  ey',  produced  by  the 
Nx  or  N y load,  were  estimated,  stresses  were  established  from  figures  14-11  and  14-12. 
Loads  calculated  separately  for  each  of  the  [o],  [90]  and  [±45]  families  were  summed. 
Strains  were  then  re-estimated  and  the  process  repeated  until  the  resultant  load  was 
equal  to  the  design  load. 

Then 

ex  ~ ex  " **yx  €y  (14-5) 

and 


€y  ey  " ^xy  ex 


(14-6) 
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These  strains  were  below  the  6000  n in/in  limitation.  The  diagonal  strain  was  then 
checked  by 
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If  it  exceeded  6000  n in/in,  plies  were  added  and  the  process  repeated  until  an  adequate 
panel  was  established. 


The  adequacy  of  the  panel  was  also  verified  by  the  modified  Hill-von-Mises  failure 
criteria: 


< l 


(14-8) 


Analysis  of  the  skins  on  the  stiffened  panels  was  conducted  in  the  same  general 
manner.  However,  the  complexity  increased  because  the  Nx  load  was  shared  by  the 
stiffeners  and  strain  compatibility  between  the  skin  and  stiffener  had  to  be  established 
at  the  assumed  load  distribution. 

Lower  surface  wing  down  bending  loads  were  assumed  as  40%  of  the  design  loads.  Panel 
stability  was  verified  in  accordance  with  the  procedures  outlined  for  the  wing  upper 
surface. 

Graphite/PPQ 

It  is  very  probable  that  a high  temperature  organic  matrix  will  exist  by  the  1980-1990 
time  period.  The  polyimide  and  tue  polyphenylquinoxaline  families  appear  promising. 
High  strength  graphite  was  selected  for  the  evaluation. 

Very  little  information  is  available  on  the  strength  of  either  graphite/polyimide  or 
graphite/PPQ  at  elevated  temperatures,  however,  both  are  quite  comparable  to 
graphite/epoxy  at  room  temperature.  Allowables  at  250°  F and  450°  F for  graphite/PPQ 
were  assumed  equal  to  griphite  epoxy  allowables  at  150°  F and  250"  F,  respectively. 
The  analysis  was  simplified  by  making  the  stress-strain  curves  linear. 

Figure  14-23  shows  a limitation  of  4700  p in/in  transverse  tension  on  [0],  This  is 
matrix  critical.  The  addition  of  at  least  one  ply,  in  the  load  direction,  was  considered 
sufficient  to  make  the  cor  pcsite  fiber  critical.  Strain  limitations  were  judged 
accordingly  as  8600  (i  in/in  along  any  fiber. 

Analyses  were  conducted  with  the  same  procedures  outlined  for  the  Borsic/Aluminum 
with  high  shear  allowables. 

WING  UPPER  SURFACE 

The  critical  design  condition  for  the  wing  upper  surface  at  control  panel  269,  is 
combined  biaxial  compression  and  shear  at  250°  F.  as  shown  in  table  14-1. 
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Three  structural  concepts  defined  below  were  analyzed. 


Concept 
Skin-Stringer 
Stiffened  Honeycomb 

Honeycomb 


Material 


BSC/Aluminum  (low  shear) 

BSC/Aluminum  (low  shear) 
BSC/Aluminum  (high  shear) 

BSC/Aluminum  (low  shear) 
Graphite/PPQ 


Stress  fai'ure  mechanisms  assumed  for  the  various  materials  were  the  same  as  outlined 
for  the  wing  lower  surface  except  for  the  changes  in  magnitudes  due  to  temperature. 
See  figures  14-15  through  14-18  for  the  Borsic/Aluminum  and  figures  14-23  through 
' 4-31  for  graphite/PPQ. 


Negative  bending  loads  were  again  assumed  as  40%  of  the  critical  design  loads. 
Chordwise  (Ny)  loads  were  of  a small  enough  magnitude  that  the  [90]  plies  could  be 
eliminate^  from  the  skin  layups.  The  [±45]  plies.,  required  for  shear  strength  and 
stability,  provid  d more  than  sufficient  chordwise  strength. 


Borsic/Aluminuiii  with  Low  Shear  AMowable 

The  sheet-stiffener  and  the  stiffened  honeycomb  designs  have  titanium  stiffeners 
reinforced  with  unidirectional  Borsic/Aluminum.  Crippling  of  these  bimaterial  elements 
was  calculated  by  converting  the  cross  section  to  equivalent  titanium. 


A generalized  equation  was  established  from  crippling  data  of  magnesium,  aluminum, 
titanium  and  steel. 

Fcc  = 636  x ,0’15  1 “ (14-9) 

The  above  equation  produces  close  agreement  with  all  of  the  data.  By  holding  all  values 
of  this  equation  constant,  except  E and  t,  it  can  be  readily  shown  that 


= t 


(14-10) 


The  transverse  modulus  for  the  Borsic/Aluminum  is  used  as  the  E value  in  this 
expression.  The  Borsic/Aluminum  of  each  element  was  converted  to  titanium  and  added 
to  the  existing  titanium.  Crippling  of  the  equivalent  titanium  cross-section  was 
established  either  from  titanium  crippling  curves  or  the  generalized  equation.  The 
minimum  Frr  of  all  of  the  elements  in  the  cross-section  was  used  as  the  crippling  stress 
of  the  column.  The  limiting  strain  «j  = FrCmin  /E,  where  Fvv  and  E are  titanium 
properties.  If  the  is  not  in  the  linear  range  of  the  stress-strain  curve  for  titanium,  the 
process  must  be  repeated  using  the  secant  E.  The  Borsic/Aluminum  [o]  layup  is  linear 
to  failure. 
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Skins  were  analyzed  using  MiL  Handbook  23A  for  the  honeycomb  and  stiffened 
honeycomb  configurations  and  using  the  following  expression  for  the  skin-stringer 
concept. 
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where 

Fx 

Fy 


= applied  compressive  stress  in  x direction 
= applied  compressive  stress  in  y direction 
FXy  = applied  shear  stress 

FXcr  = allowable  biaxial  compressive  buckling  stress 
FXycr  = allowable  shear  buckling  stress 


FxCr  = aH°wa^e  compressive  buckling  stress  under  the  combined  applied 
stresses 


where 

t = plate  thickness 

a = plate  length 

= plate  width 


b 
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where 

m = number  of  half  sine  waves  in  x direction 

n = number  of  half  sine  waves  in  y direction 

Buckling  equation  to  be  minimized  with  respect  to  m,  n,  = 3,  lt  — 

The  moduli  were  established  by  iteration  from  the  stress  strain  curves.  The  strains  were 
first  estimated;  the  secant  modulus  was  then  determined  for  each  family  at  that  strain 
and  ratioed  by  the  number  of  plies  of  each  family.  The  process  was  repeated  until  the 
estimated  strain  was  equal  to  actual  strain.  The  shear  modulus  of  [0°]  and  [90°]  plies 
was  assumed  as  zero. 

bot  sic/ Aluminum  with  High  Shear  Allowable 

The  only  structural  concept  analyzed  with  these  material  allowables  was  the  stiffened 
honeycomb.  As  with  all  stiffened  concepts,  the  Nx  load  was  shared  between  the  skins 
and  the  stiffeners.  This  load  distribution  was  again  established  by  iteration  because  of 
the  nc  -linear  strain.  As  previously  stated,  the  skins  were  sized  in  accordance  with  MIL 
Handbook  23  procedures.  Skin  buckling  interaction  was  verified  using  figure  14-36. 

Graphite/PPQ 

The  only  graphite/PPQ  structural  concept  analyzed  was  the  honeycomb  concept. 
Analysis  methods  have  already  been  discussed. 

BODY 

The  critical  design  condition  for  the  body,  at  control  point  5,  occurs  at  the  end  of 
supersonic  crui?e  when  temperatures  are  at  maximum,  see  table  14-1.  The  critical 
reverse  bending  condition  occurs  at  sea  level  and  room  temperature,  consequently,  it 
does  not  contribute  to  the  design. 

Additional  body  dt  sign  requirements  are  identical  to  those  outlined  in  section  4. 

Circumferential  [90l  plies  are  used  to  carry  the  ultimate  design  pressure.  Although 
primary  shear  is  not  identifiable  at  the  centerline  of  the  lower  crown,  it  does  increase  in 
magnitude  as  the  panel  extends  circumferentially.  Secondary  shear  will  exist  due  to 
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differences  in  strain  between  skin  frames  or  skin  and  stringers.  For  the  above  reasons, 
[±45]  plies  are  used.  In  addition,  they  provide  improvements  in  "fail  safety.” 

Borsic/ Aluminum  with  Low  Shear  Allowable 

Stiffeners  were  analyzed  for  crippling  as  explained  for  the  wing  upper  surface.  The 
honeycomb  and  the  stiffened  honeycomb  configurations  were  not  allowed  to  buckle. 

The  skin-stringer  configuration  was  not  allowed  to  buckle  at  the  1.1  x steady  state 
cruise  condition  but  the  skin  was  permitted  to  buckle  in  compression  at  higher  loads. 
There  is  some  degree  of  risk  in  allowing  the  skin  to  buckle  because  of  the  brittle  nature 
of  the  borsic  fibers.  The  deformations  are  presumed  to  be  small  enough  in  this  case  to 
preclude  fiber  damage,  however,  testing  may  eventually  be  required  to  verify  this 
assumption. 

The  honeycomb  skin  panels  were  analyzed  per  MIL  Handbook  23.  The  skin  of  the 
skin-stringer  configuration  was  shown  stable  at  the  cruise  condition  by  the  same 
procedure  used  in  section  4,  except  that  a psuedo-isotropic  modulus  was  used.  The 
values  of  Ex  and  Ey  were  reasonably  close,  so  an  EeqUiV  = VExlSy  was  used. 

Borsic/ Aluminum  with  High  Shear  Allowable 

Primary  shear  does  not  exist  at  the  control  point.  For  this  reason,  body  concepts  with 
the  high  shear  strength  Bsc/Al  were  not  analyzed.  The  design  would  be  the  same  as  the 
low  shear  strength  Bsc/ Aluminum. 

Graphite/PPQ 

The  only  structural  concept  analyzed  with  graphite/PPQ  was  the  honeycomb  concept. 
Analysis  methods  have  already  been  discussed. 

WEIGHT  ANALYSIS 

The  weights  of  the  advanced  structural  concepts  were  calculated  from  the  designated 
coupons  from  the  body  and  wing  panel  drawings.  While  the  weights  are  comparative  for 
the  selected  control  points,  they  should  not  be  extrapolated  to  represent  a total  change 
in  body  or  wing  weights.  Such  items  as  window  and  door  cutouts,  bulkhead  interface, 
tension,  compression  and  shear  panels,  would  have  a different  effect  on  the  weight  of 
the  various  body  structural  concepts.  Similarly,  door  cutouts,  rib  interface  and 
dispersion  of  leading  and  trailing  edge  concentrated  loads  would  effect  the  wing  panel 
weights  differently  from  one  wing  structural  concept  to  another.  An  example  of  this  is 
she  /n  by  the  26.7%  weight  reduction  for  Borsic/Aluminum  on  the  wing  upper  surface 
compression  panel  while  only  8.4%  reduction  was  realized  on  the  lower  surface  tension 
panel. 

BODY 

The  results  of  detail  weight  calculations  of  the  body  advanced  structural  concepts  are 
shown  in  figure  14-32  and  table  14-2. 
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The  relative  weight  details  show  a sig*.  ant  reduction  in  the  stringer  and  splice 
weights  for  the  Borsic/Aluminum  sheet  c tiffner  and  the  stiffened  thin  sandwich 
structural  concept  compared  to  the  baseline  titanium  sheet  stiffener  panel.  The  slightly 
heavier  skin,  core  and  braze  weight  on  the  full  depth  honeycomb  panel  is  more  than 
offset  by  its  lack  of  stringers  and  lighter  frame  weight  for  comparable  Borsic/Aluminum 
construction. 

The  full  depth  honeycomb  with  graphite/PPQ  skin  shows  an  additional  weight  reduction 
over  the  Borsic/Aluminum  for  a total  of  43%  reduction  from  the  base  skin  and  stiffener 
titanium  panel. 

WING  UPPER  SURFACE 

Figure  14-33  and  table  14-3  show  the  weight  comparisons  of  the  wing  upper  surface 
advanced  structural  concepts. 

The  full  depth  honeycomb  construction  with  Borsic/Aluminum  skin  shows  a 26.7% 
weight  reduction  from  the  titanium  skin  baseline  upper  surface  wing  panel.  The 
graphite/PPQ  skinned  H'C  panel  is  significantly  lighter  with  a 43.9%  reduction  from 
the  base  panel. 

None  of  the  stiffened  wing  panels  are  as  light  as  th  > advanced  honeycomb  panels  except 
the  Borsic/Aluminum  thin  honeycomb  with  reinforced  titanium  stiffeners  evaluated 
with  high  shear  allowables.  This  panel  is  31.6%  lighter  than  the  baseline  panel. 

WING  LOWER  SURFACE 

The  wing  lower  surface  weight  calculations  for  the  advanced  structural  concepts  are 
shown  in  figure  14-34  and  table  14-4. 

Only  three  of  the  advanced  structural  concepts  evaluated  for  the  wing  lower  surface 
showed  a weight  reduction  from  the  original  baseline  titanium  skin  and  stringer 
construction.  Weight  reductions  from  the  base  pan")  we*e  7.6%  for  the  Borsic/Aluminum 
skin  with  reinforced  titanium  stiffeners  and  8.4%  for  the  full  depth  honeycomb  with 
Borsic/Aluminum  skin  respectively.  Both  of  these  panels  were  evaluated  with  high 
shear  allowables. 

The  full  depth  honeycomb  with  graphite/PPQ  skin  showed  a 30.9%  weight  reduction 
from  the  base  panel. 


MANUFACTURING  ANALYSIS 

The  same  manufacturing  c mplexity  evaluation  approach  has  been  used  for  the  Task  II 
advanced  concept  as  for  Task  I.  The  "baseline”  construction  types  for  the  wing  and  body 
used  in  Task  I are  retained  so  that  all  concepts  in  both  Task  I and  Task  II  may  be  rated 
on  the  same  scale  of  comparison.  The  baseline  concepts  have  arbitrarily  been  rated  at 
100  with  increasing  complexity  given  an  increasing  number.  For  example,  a structural 
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arrangement  with  a rating  of  200  is  considered  twice  as  complex  as  the  baseline  to 
fabricate.  The  evaluation  ground  rules  for  advanced  concepts  were  as  follows: 

a Assume  a production  program  of  (200)  airplanes, 

• Engineering  go-ahead  for  the  program  is  1980. 

• Capital  facilities,  plant  equipment,  raw  materials,  and  manufacturing  and 
inspection  processes  development  requirements  are  excluded  from  the 
manufacturing  producibility  rating. 

• The  wing  panels  have  gentle  compound  contours  and  are  assumed  to  be  30”  wide  x 
360”  long. 

BODY  PANEL  PRODUCIBILITY  RATINGS-ADVANCED  CONCEPTS 

The  producibility  ratings  for  the  body  structural  concepts  are  given  in  table  14-5  with 
the  rivited  titanium  sheet  stiffener  baseline  rated  at  100.  It  is  readily  seen  that  the 
graphite/PPQ  concepts  assembled  by  bonding  are  considerably  simpler  to  fabricate  than 
Borsic/AIuminum  concepts  which  are  assembled  by  brazing.  This  is  largely  due  to  the 
less  stringent  flt-up  tolerances,  simpler  process  requirements,  and  less  complex  tooling 
facilities  requi  ed  for  bonding  as  compared  to  brazing. 

It  is  apparei  1 orsic/Aluminum  concepts  as  a group  are  significantly  more  complex 

to  fabricate  . rrent  structural  arrangements.  Not  only  is  extensive  manufacturing 

development  .a  i for  handling,  cleaning,  and  processing  of  the  material  but  all  of 
the  assembli  jS  inv*  ligated  utilize  some  form  of  brazing  in  panel  assembly.  Brazing 
tends  to  minimize  the  quantity  of  fastener  hole  penetrations  through  the  composite 
cover  sheets,  however,  it  is  an  exacting  and  expensive  operation  requiring  a high  degree 
of  accuracy  and  specialized  tooling. 

A pattern  can  be  observed  to  the  complexity  factors  for  the  Borsic/AIuminum  concepts. 
The  sheet  stiffener  arrangement  is  rated  least  complex  of  the  Borsic/AIuminum 
concepts.  This  concept  allows  more  potential  for  sub-assembly  and  the  build  up  of  the 
structure  in  small  steps  rather  than  completing  the  entire  assembly  in  a single  step. 
The  lower  complexity  rating  for  the  sheet  stiffener  concept  is  dependent  upon 
minimizing  spotbrazing  distortions. 

The  brazed  honeycomb  arrangement  using  conventional  (0/ rt 45/90)  Borsic/AIuminum 
skins  and  titanium  core  is  of  intermediate  complexity  for  the  Borsic/AIuminum  concepts 
considered.  The  consolidated  skins  are  fabricated  as  a sub-assembly  followed  by  panel 
brazing.  The  fit  up  tolerances  and  fixturing  are  more  complicated  for  the  honeycomb 
sandwich  panel  than  the  spotbrazed  sheet  stiffener  concepts. 

Relatively  high  manufacturing  complexity  ratings  are  given  to  the  stiffeneed  thin 
honeycomb  sandwich  configuration.  This  concept  required  not  only  the  spotbrazing  of 
the  stiffeners  to  the  inner  skin,  but  also  the  brazing  complexities  required  for  the 
honeycomb  sandwich  concepts. 
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In  summary,  sheet  stiffener  concepts  assembled  by  spotbrazing  tend  to  be  less  complex 
than  honeycomb  concepts  fabricated  by  brazing.  The  stiffened  thin  honeycomb 
structural  arrangement  has  the  complexities  of  both  concepts. 

WING  PANEL  PRODUCIBILITY  RATINGS-ADVANCED  CONCEPTS 

Structural  arrangements  including  sheet  stiffener,  honeycomb  sandwich,  and  stiffened 
thin  honeycomb  were  also  evaluated  for  wing  skin  panels.  The  complexity  ratings  of 
these  concepts  are  in  the  same  relative  order  as  for  the  comparable  body  arrangements. 
The  actual  quantitative  values  as  seen  in  table  14-6  are  different,  however,  because  the 
structural  baselines  for  comparison  taken  from  the  969-336C  for  wing  and  body  were 
different. 

The  alternate  brazed  honeycomb  skin  panel  configuration  utilizing  the  multicycle 
uniaxial  truss  in  lieu  of  ±45°  plies  is  rated  considerably  more  complex  to  fabricate  than 
the  other  concepts.  New  procedures  would  be  required  for  the  curved  tape  lay  up 
required  for  the  truss  node**.  Extensive  coordination  is  necessary  to  assure  core  fit  up  to 
match  the  shear  truss  located  inside  the  panel  assembly.  These  factors  coupled  with  the 
complex  edge  consolidation  of  the  truss  nodes  and  titanium  edge  laminates  all 
contribute  to  the  high  complexity  factor  of  700. 

MATERIAL  COSTS 

A cost  analysis  was  made  to  determine  the  impact  on  material  costs  of  various  processes 
used  in  the  manufacture  and  fabrication  of  the  structural  concepts.  The  results  of  this 
analysis  are  shown  in  table  14-7.  It  is  clear  that  the  material  costs/lb  of  the 
Borsic/Aluminum  structural  concepts  are  much  greater  than  those  constructed  of 
titanium  (see  Section  4,  Volume  I).  The  lower  material  costs  of  the  sheet  stiffener  and 
stiffened  honeycomb  concepts  as  compared  to  the  honeycomb  configuration  is  due  to  the 
fact  that  the  stiffened  designs  contain  greater  quantities  of  titanium.  The  titanium 
material  costs  less  and  weighs  more  than  Borsic/Aluminum,  thereby  reducing  the 
material  cost/lb. 

The  selection  of  the  structural  concepts  for  the  969-512B  was  influenced  mainly  by 
weight  saving  and  manufacturing  complexity  with  minimal  consideration  to  material 
cost/lb.  A more  in-depth  review  of  material  cost  would  be  necessary  to  justify  a weight 
savings  potential  on  final  airplane  design. 

STRUCTURAL  CONCEPT  EVALUATION  AND  SELECTION 

As  a result  of  the  Task  II  Study,  some  structural  skin  panel  concepts  have  been  selected 
and  recommendations  for  future  development  were  established.  The  concepts  were 
selected  using  a screening  process  starting  with  selection  of  promising  candidates, 
thence  to  concept  design,  evaluation  and  final  recommendation. 

CANDIDATE  SELECTION 

The  initial  screening  of  the  structural  concepts  considered  the  following: 


• A structural  concept  was  not  considered  if  it  had  a major  defect  preventing  it  from 
being  competitive  in  all  mqjor  requirements. 

• Candidate  structural  types  were  selected  based  on  previous  SST  evaluation 
experience  of  similar  construction. 

CONCEPT  DESIGN 

The  design  of  structural  concepts  was  conducted  using  the  geometry  and  design 
conditions  at  wing  control  point  269  and  body  control  point  5.  The  concepts  were  not 
explicitly  designed  for  fatigue  and  failsafe  requirements.  The  allowables  (designated  low 
shear  allowables)  used  in  the  design  were  taken  from  the  "Air  Force  Design  Guide.*’ 
Representative  configurations  at  point  269  were  redesigned  using  updated 
NASA-Langley  allowables  (designated  high  shear  allowables)  for  comparative  purposes. 

The  control  point  locations  and  structural  concepts  designed  are  shown  in  table  14-8. 

CONCEPT  EVALUATION 

The  evaluation  of  the  structural  concepts  used  a rating  system  which  measures  the 
characteristics  of  weight,  manufacturing  complexity,  stiffness  and  material  cost.  No 
additional  design  work  or  studies  were  conducted  on  the  characteristics  of  failsafety, 
fatigue,  maintenance,  repair  and  thermal  conductivity,  consequently,  these  items  were 
not  used  in  concept  evaluation.  As  seen  in  tables  14-9  through  14-1 1 , a rating  factor  (N) 
was  selected  for  each  characteristic  from  a range  of  0 to  100  based  on  the  concepts  merit 
relative  to  a baseline  which  was  arbitrarily  given  50.  Numbers  greater  than  50  indicate 
characteristics  more  desirable  than  the  baseline. 

Construction  types  were  screened  through  several  levels  of  evaluation.  Each  level  of 
evaluation  considered  a different  characteristic  starting  with  the  most  important  and 
continuing  in  a descending  order  of  importance.  From  the  initial  screening  level,  the 
best  candidates  were  evaluated  through  enough  levels  to  establish  a superior  candidate. 
The  symbols  are  for  those  concepts  selected  to  carry  through  another  level  of 

evaluation  until  a superior  candidate  is  established  and  noted  by 

STRUCTURAL  RECOMMENDATIONS 

The  structural  recommendations  shown  in  table  14-12  are  for  the  points  269  and  5 only 
and  cannot  be  extrapolated  to  other  areas  of  the  wing  and  body.  An  analysis,  using  the 
loading  conditions  at  various  locations  on  the  969-512B,  must  be  accomplished  to 
determine  overall  wing  and  body  structural  recommendations. 
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Rockwell  Corporation,  Contract  No.  F 33615-71-6-1362,  November  1971. 
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Table  14-1. -Control  Point  Loads 


Body:  control  point  5 (lower  body  skin  panel) 


Design  condition 

Nx 

Pressure 

Temperature 

(11.92  kips/in.) 
(10.78  lb/in2} 
(450°  F) 

Wing:  control  point  269 


Component 

Design  condition 

Upper 

panel 

Nx 

Nv 

NXV 

Temperature 

-10.9  kips/m. 

- 1.48  kips/in. 
6.32  kips/in. 

250°  F 

Lower 

pane; 

Nx 

Nv 

Nxy 

Temperature 

1 1.82  kips/in. 
2.04  kips/m. 
6.89  kips/in. 

Room  temperature 

Skin  reinforcement 


Table  1 4-5.-Manu factoring  Producibility  Rating,  Body  Skin 


Body  skin  arrangement 

Rating 

Riveted  Ti  sheet  stiffener 

100a 

Bonded  H/C  panel  with  PPQ/graphite  skins 

200 

Consolidated  Borsic*AI  skins  with 

360 

spotbrazed  Ti  stiffeners 

Brazed  H/C  panel  with  Borsic-AI  skins 

400 

and  Ti  core 

Brazed  H/C  panel  w.th  Borsic-AI  skins 

450 

and  Ti  stiffeners 

aBaseline 


Table  14-6.—  Manufacturing  Producibility  Rating,  Wing 


Wing  structural  arrangement 

Rating 

Spotwelded  Ti  corrugated  core 

100a 

Bonded  H/C  panel  with  PPQ/graphite  skins 

125 

BorsicAl  skins  with  spotbrazed  Ti  stiffeners 

300 

Brazed  H/C  panel  with  Borsic  Al  skins 

350 

Brazed  H/C  panel  with  Borsic  Al  skins 
and  Ti  stiffeners 

440 

Brazed  H/C  panel  with  Borsic  Al  skins, 
truss  reinforced 

700 

aBaseline  for  wing 


820 


A r**V  unyj,*- 


1 


82? 


Table  14-8.- Location  and  Description  of  Structural  Concepts 


Component 

Location 

Concept 

Pt  269  upr  and  Iwr 

^heet  stiffener 

Borsic-Al  skin,  uniaxial  borsic  reinforced 
Ti  stiffeners  (low  shear  allowable) 

Pt  269  Iwr 

Sheet  stiffener 

Borsic-Al  skin,  uniaxial  borsic  reinforced 
Ti  stiffeners  (high  shear  allowable) 

1 

Pt  269  upr  and  Iwr 

Stiffened  thin  H/C 

Borsic-Al  skins,  T>  core,  uniaxial  borsic 
reinforced  Ti  stiffeners  (low  shear  allowable) 

Wing  skin  panels 

Pt  269  upr 

Stiffened  thin  H/C 

Borxic  Al  skins.  Ti  core,  uniaxial  borsic 
reinforced  Ti  stiffeners  (high  shear  allowable) 

Pt  269  upr  and  Iwr 

H/C  (unstiffened) 

Borsic-Al  skins,  Ti  core  (low  shear  allowable) 

Pt  269  Iwr 

H/C  (unstiffened) 

Borsic  Al  skins,  Ti  core  (high  shear  allowable) 

Pt  269  Iwr 

H/C  (unstiffened) 

Borsic  Al  truss  skins,  Ti  core  (low  shear 
allowable) 

Pt  5 

Sheet  stiffener 

Borsic-Al  skin,  uniaxial  borsic  reinforced  Ti 
stiffeners  (low  shear  allowable) 

Body  skin  panels 

Pt  5 

Stiffened  thin  H/C 

Borsic-Al  skins,  Ti  core,  uniaxial  borsic 
reinforced  Ti  stiffeners  (low  shear  allowable) 

Pt  5 

H/C  (unstiffened) 

Borsic  Al  skins,  Ti  core  (low  shear  allowable) 

REPRODUCIBILITY  OF  TUB 
. »R(C>INAL  PAGE  IS  POOR 


Table  14-9. -Structural  Concept  Selection-Wing  Panels  Upper  Surface,  Point  269 


Item 

Rating 

range 

Baseline 
(brazed  Ti  H/C) 

Sheet 

stiffener 

e> 

Stiffened  H/C 

G> 

H/C 

e> 

N g> 

N 

N 

N 

N 

Weight 

Oto  100 

50 

63 

m 

Mfg 

♦ 

50 

CD 

|19| 

complexity 

Stiffness 

{ 

50 

52 

52 

Material  cost 

Oto  100 

50 

Low  shear  allowable 
&>  Rating  facto: 


□ 


Carry-through  to  another  level 
A superior  candidate  is  established 


i 


* 


Table  14 - 1 1.— Structural  Concept  Selection— Body  Panels,  Point  5 


Item 

Rating 

range 

Baseline 

(Ti  sheet  stiffener) 

Sheet 

stiffener 

B> 

Stiffened 

H/C 

B> 

H/C 

D> 

' n6> 

N 

N 

N 

N 

Weight 

0 to  too 

i 

50 

62 

H3 

Mfg  complexity 

{ 

50 

21 

iPiKI 

Material  cost 

0 to  100 

50 

i 

0>  Low  shear  allowable 
Rating  factor 


□ Carry-through  to  another  level 

A superior  candidate  is  established 
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Figure  14-13.  -Projected  Shear  Stress/Strain  Curve  for  [±45]  Bsc/A1 1980-1990,  Room  Temperature 
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Figure  1 4-20. -Projected  Stress/Strain  Curve  for  [ ±451  Bsc/ At  1980  1990. 
Tension  or  Compression,  45CF  F 


\k'jf 


p = 0.056  lb/in'5 
Fly  thickness  = 0.0052  in. 


Longitudinal 


Tension  limit 


Compression 


J000  I 7 000  | 10  000  12  000  14  000 

4 700  8 600 

e,  fJ  in. /in. 

Figure  14-23.— High  Strength  Graphite /PPQ  Projected  1980-1990  Allowables  10]  Longitudinal 
and  Transverse  Tension  or  Compression,  Room  Temperature 
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Figure  14-27.- High  Strength  Graphite/PPQ  Projected  1980-1990  Allowables  [±45]  Longitudinal 
and  Transverse  Tension  or  Compression,  250  F 
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Figure  14-30.-High  Strength  Graphite/PPQ  Projected  1980-1990  Allowables  [t45j 
Longitudinal  and  Transverse  Tension  or  Compression,  450?  F 
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Figure  14-31  .-High  Strength  Graphite /PPQ  Projected  1980-1990  Allowables  f±45]  Shear , 450  F 
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Figure  14-32. -Weight  Comparison-Advanced  Structural  Concepts-Body 
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Figure  14-33. -Weight  Comparison-Advanced  Structural  Concepts— Wing  Upper  Surface 
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Figure  14-34. -Weight  Comparison— Advanced  Structural  Concepts— Wing  Lower  Surface 
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